layer. Experimenta demonstrate that freezing rates with conventional techniques are 2-5X slower than the predicted maximum and that by applying a stream of cold gas to the specimen under proper conditions of pressure and geometry, the maximum rate is closely approached. A set of optimum conditions for cutting thin sections from fresh-frozen tissue blocks is defined in terms of the block temperature (approx. 5°C below its freezing point), the microtome chamber temperature (close to the freezing point), and knife temperature (approx, 50°C below the freezing point). Under these conditions flat sections, 1 I" thick, are regularly obtained from both soft and fibrous tissues. A model for the cutting process is proposed wherein the combined effects of freezing point depression (under the pressure of the advancing knife edge) and the energy dissipated in the cutting process maintain a zone of micro-melting at the knife edge. The quality of structural preservation is interpreted on the bases of crystal nucleation phenomena, the effects of sectioning procedures, and on changes which occur during a variety of techniques that have been studied for preparing finished slides. DR. THORNBURG: Like others, with very slow freezing we have large vacuolar areas, and with more rapid freezing this is less apparent.
DR. LONGLEY (Bethesda, Md.): How did you determine the thickness of the sections? Is the limiting factor in this the thickness of the melted layer formed at the cutting edge? DR. THORNBURG: First, we checked our microtome with an indicator gauge, and the increase did follow the screw, with some occasional lag, to a good approximation-within perhaps 20% except for occasional thick sections. Second, we measured the sections with the oil immersion lens, our sections were certainly within a 0.5-1.5 I" range. Third, at these settings we were always able to remove tissue from the block, from which we assume that the average is near 11". The limiting factor, from the measured cutting resistance, about 10-20 gms, per em. block surface, we compute that the thickness of this particular micromelting layer is around 200 A. That is an upper value under ideal conditions, because this assumed the melting had been removed during the refreezing process by the knife. This certainly is not actually the case so it seems apparent that considerably thinner sections could be cut with a more elaborate knife.
DR. COONS: How in your calculations does the rate of cutting affect the thickness or the melting conditions? DR. THORNBURG: We think that it does not. We have cut sections at travel rates between about 2 and 100 ems. per second. According to the argument, the calculations will come out about the same if one assumes that this cutting resistance is linear, which I think it is not exactly. These crystals have been identified as calcium oxalate by a micro-incineration method .
.Between 350°and 475°the following reaction takes place: CaCaO. -+ CaCO, + CO. Paraffin sections, previously shown to be free of calcium carbonate, are incinerated at 450°i n It chemical muffle furnace. Following this the sections are acidified under direot microscopic observation. Bubbles of COa are seen to originate from individual crystals in the sections. Incineration prolonged at 600°results in the conversion of calcium carbonate to calcium oxide. The transformation of calcium oxalate to carbonate to oxide has been studied in the electron microscope by means of electron diffraction.
Discussion
DR. MACCARDLE (Bethesda, Md.): Unburned carbon persists in the sections. Does this mean an incomplete incineration of the crystalline material? DR. JOHNSON: Complete incineration would convert the crystals to calcium oxide rather than carbonate. Hence we select a rather low temperature for incineration so that oxalate will be converted to carbonate and no further. In fact, as a confirmatory test, if we incinerate at over 600 0 we see that no bubbles are evolved on addition of acid. DR. COONS: Have you speculated about the occurrence of these crystals? DR. JOHNSON: In regard to the thyroid crystals we speculated that perhaps uracil was catabolized to oxalate. This particular pathway of catabolism has been demonstrated in bacteria but we have so far been unsuccessful in demonstrating uracil oxidase in the thyroid. In regard to the eye, we have no explanation at all for the occurrence of these crystals; in the kidney in ethylene glycol poisoning, its easy to see how glycol could be oxidized to oxalate. However, recently we had a case of third degree burns treated with pyruvic acid and this patient also showed numerous crystals of the same sort.
DR. LAZAROW: Have you considered identifying the evolved CO. by adding a heavy metal along with the acid and getting a subsequent deposition of lead carbonate and getting a histochemical picture that way? DR. JOHNSON: I really don't know. But what else can give bubbles of this sort so rapidly on the addition of acid? I'm sure that one could add a heavy metal and get a precipitate of carbonate. In addition, it is possible to place your section in a vacuum chamber and test for CO2 by some conventional method.
DR. GOYORI: I am afraid that the heavy metal technique would not work. All carbonates are acid soluble, and any acid that would decompose calcium carbonate would at the same time decompose any other carbonate.
•

Infiuence of Periodic Acid on the Carbohydrates of Various Secretory Materials
and Connective Tissue Structures. R. E. GLEGG, D. EIDINGER* AND C. P. r.:IIlBLOND.
Department of Anatomy, McGill University.
The presence of complex carbohydrates containing galactose, mannose, fucose, and occasionally glucose in secretory materials and connective tissue structures stainable with the PA-Schiff technique has provided a strong argument in favour of the specificity of this technique for carbohydrates (other than acid mueopolysaccharidea). The assumption was that the monosaccharides present in these carbohydrates retained some free 1,2-g1ycol groups which could react with periodic acid. The validity of this assumption was invostlgated by treating carbohydrate-containing extracts of secretory materials and conncctive tissue structures with periodic acid in vitro and then hydrolyzing them for paper chromatographio analysis.
The following secretory materials: thyroid colloid, secretions of seminal vesicle and coagulating gland, and extracts of the following connective tissue structures: derma, lung, bone and cartilage, were treated with 0.5% aqueous periodic acid for periods varying from 5 minutes to 24 hours at room temperature. After adding glycerol to use up the excess periodic acid, the oxidized fractions were precipitated with alcohol and the precipitates werc dried, hydrolyzed and chromatogramed on paper.
The results showed that periodic acid-treated materials contain no fucose nor glucose and generally a reduced amount of man nose and galactose. It was concluded that the aldoses which are eliminated or decreased in amount had been oxidized by periodic acid and, therefore, must have contained free l,2-g1ycol groups. The carbohydrates present in the investigated materials must therefore be responsible for the PA-Schiff staining of the tissues. Discussion DR. LILLIE (Bethesda, Md ) : Have you looked for the aldehyde produi of the hydrolyzed sugars by chromatography? DR. GLEGG: We have not made a particular study of these products, but in many cases observed red spots with higher R, values than the monosaccharides. These may have been the aldehydic products to which you refer. This type of study could very well yield information on the manner in which monosaccharide units are combined in the glycoprotein molecules.
DR. GOMORI (Chicago): It would be interesting to extend these investigations to uronic acids, not only the sugars proper. There is a definite difference between the responses of sugars and uronic acids. For instance lead tetraacetate also oxidizes a-hydroxycarboxylic acids and with it and HIO. you could actually show a difference between uronic acids and sugars.
DR. GLEGG: Yes, this would be in relation, of course, to the acid mucopolysaccharides.
• On the Mechanism of Nile Blue Staining of the Fatty Acids of Lipofuscins. R. D.
LILLIE. National Institutes of Health, Bethesda, Md.
When paraffin sections containing lipofuscin pigments stained in dilute sulfuric acid solutions of Nile blue sulfate at about pH 1 to 3 are mounted in glycerol gelatin, the pigments remain colored dark blue or green blue, while nuclei, cytoplasm and connective tissue are largely unstained or decolorized. Erythrocytes and myelin color in varying shades of blue green, But if sections similarly stained at pH 1-2 are dehydrated with acetone or alcohol, the pigment loses the stain, retaining a good color only when stained at pH levels of 3.5 or higher.
Substitution of methylene blue, thionin, azure A or toluidin blue in the foregoing Nile blue technics results in no staining of lipofuscin in material stained at pH 1-2, even when mounted in glycerol gelatin, and staining fairly similar to that with Nile blue, both in glycerol gelatin and in dehydrated, resin mounted sections when stained at pH 3.5 or higher.
When sections stained in 1/2000 Nile blue at pH 1 are decolorized with acetone or alcohol and observed at this point, the lipofuscins exhibit their native yellow to brown colors. If now the original stain is repeated the blue coloration of lipofuscin is restored.
When sections stained in strong Nile blue solutions are decolorized with acetic acid, the color of the lipofuscins gradually shifts from blue green through violet to the purple red staining of Nile red, as has been observed by Cain. This red color is at once extracted by alcohol or acetone, as with other fat stains of the Sudan type.
Methylation of sections before Nile blue staining at low pH levels results in red staining of the lipofuscins rather than blue, confirming their acid nature. The same methylation procedure was effective against fatty acids in vitro.
Sections containing ordinary soluble lipoids may be similarly decolorized after Nile blue staining by 2-3 hour exposures to diethylene glycol, and then restained blue and pink by Nile blue or red by Sudan IV or blue green by Sudan black.
The blue staining of lipofuscins by Nile blue at pH 1 parallels in its extractability and restainability the behavior of the Sudan dyes in the same procedures.
Thus, Nile blue staining of lipofuscins at low pH levels is an oil solubility phenomenon in which the blue color is determined by the oil solubility and indicator properties of the dye, and not a dye-soap combination as postulated by Smith. It is probable that Smith's mechanism operates at higher pH levels, since when stained at pH 4 with Nile blue, lipofuscins retain the dye on acetone or brief alcohol extraction. Discussion DR. LEBLOND: Do you confirm the classical data of Lorrain Smith's paper on the whole? DR. LILLIE: Lorrain Smith in his first paper expressed nearly the complete situation regarding Nile blue except that he did not arrive at this concept that staining of fatty acids at low pH levels was an oil solubility phenomenon. He actually used dilute H1SO.solutions, but the concept was not then evolved that fatty acids could not compete for basic dyes in the presence of stronger acids. It is difficult to obtain consistent coloration of acidic carbohydrates by any of the various methods utilizing toluidin blue 0 and other metachromatic elves. Detection of changes in metachromasia due to enzyme digestion and other procedures 18 often complicated by interference or masking due to orthochromatic staining of nucleic acids and by variation in color value of the metachromasia. Epithelial mucins are often poorly stained by toluidin blue 0 in sections that have beeu dehydrated, cleared and mounted.
The various dialyzed-iron technics overcome some of these problems and color most epithelial mucins very well. But, these methods derived from Hale (Nature 67: 802,1946) involve several steps in perishable reagents, color pre-formed ferric-iron deposits, and produce results of only fair selectivity. The reaction is virtually limited to use in water and difficult to apply over a range of pH levels.
Alcian Blue 8GS is a stable, bright blue dye of partially secret composition derived from copper phthalocyanin. This important commercial dye was first recommended as a mucin stain by Steedman (Quart. J. Micr. ScL, 91: 477, 1950) . Staining of acidic carbohydrates by the original procedure is not very selective. We have obtained stronger coloration and excellent selectivity by lowering both the pH and the dye concentration. Connective tissue mucins in general and most epithelial mucins are colored bright blue with negligible staining of the background and nucleic acids after staining for thirty minutes in 0.05 to 0.1% Alcian blue in 3% acetic acid, pH 2.7 to 3.0. When the dye solution is first made, filter and add Ii crystal of thymol. The Alcian blue stain followed by the periodic acidSchiff reaction (AB-PAS) is a simpler and more selective method for simultaneous demonstration of both acidic groups and 1,2-g1ycols than the Ritter-Oleson routine (1950) . The high stability of bound Alcian blue permits a variety of other counterstains, e.g., picric acid or the Feulgen procedure. Buffered solutions of Alcian blue in both water and in seventy-per cent alcohol have been used by us to measure the relative dye-binding capacity of various acidic carbohydrates at different pH levels.
DiscU8sion
DR. MONIS (Harvard): Would methylation give additional proof that the mechanism of this reaction is an acid-base binding? DR. MOWRY: Alcian blue staining is preventable by methylation but a longer treatment is required than necessary for the prevention of toluidin blue metachromasia. Alcian blue seems to be a more sensitive stain, especially for the coloration of glucuronic groups. The coloration of certain neutral polysaccharides when carboxyl groups are introduced by prolonged oxidation or when sulfated is further evidence that acidic groups are stained by Alcian blue. DR. GLEGG: Does Alcian blue stain blue or green? I see green and is it a certain type of metachromasia that you have there?
DR. MOWRY: Alcian blue looks blue but when combined with picric it is green. There is no metachromasia.
DR. BAKER (Boston): Did you use any special method of fixation, and did you give any protection to your substance before this stain? DR. MOWRY: Alcohol fixation and formalin are very good. Bichromate fixatives probably cause some decrease, possibly in the carboxyl groups. Any fixation would do as well with this stain as with any other acid carbohydrate stain. Solubility precautions would suggest the use of Alcian blue in alcohol and the use of freeze-dry or sections fixed in alcohol and cut without exposure to water. The preparations you saw were mostly floated on water and stained without any precautions.
DR. LILLIE: In regard to Dr. Monis' question about methylation, other metal dye complex stains, such as alum hematoxylin, are prevented by methylation only with extreme difficulty, differing in that respect from the simple basic dyes. The method consists of the colloidal iron technic with the binding of the iron done around pH 2, followed by staining with a positively charged colloidal gold solution around pH 5. Acidic groups which are dissociated at pH 2 (sulfuric and phosphoric radicles) are stained and blocked by the iron. At pH 5 only the acids which are dissociated at that pH and not at pH 2 (mainly uronic acid radicles) are stained by the gold. The resulting staining in Carnoy fixed tissues is sharp and shows the distribution of the two types of compounds. The staining yielded to date information (as far as normal histology is concerned) regarding the following points: a) Chemical differentiation between myelin sheaths and cells on the one hand, and intercellular substance of the C.N .S. on the other; b) the mechanism of secretion of acid by the oxyntic cells of the gastric mucosa. It appears that these cells secrete into their intracellular canaliculi and into the lumen of the glands a weak acid and not a strong one. The weak acid is probably changed into HCI by an ion exchange mechanism (as was suggested by Gomori), which might be due to the mucus. c) The sulfate fixation by growing cartilage can be followed visually. Nasal cartilage of cattle and the mucoid layer of rooster comb were used to study the binding of thiazin and triphenylmethane dyes. Factors influencing the binding of dye, such as the concentration of the dye bath, its pH, its temperature, and the ionic strength of the added NaCI, were investigated. The amount of dye bound was correlated with the hexuronic acid, hexosamine and ester sulfate content of tissue sections and distilled water extracts. The possibility of a correlation between the amount of basic dye bound and the mucopolysaccharide content of connective tissue and its metachromatic reaction will be discussed. Discussion DR. GLICK: Couldn't this be made into a quantitative method, as long as you have this stoichiometric relationship? DR. BALAZS: I agree with Dr. Glick, and we intend to develop a quantitative method from this procedure. However, I doubt that the amount of mucopolysaccharides in a connective tissue can yet be directly determined by this method. Nevertheless,'if the mucopolysaccharide content of a tissue is chemically determined in advance, then this method can probably be used as a quantitative micro-localization method for the acid groups of mucopolysaccharides. A collagen fraction soluble in neutral and alkaline salt solutions can be extracted from fresh animal connective tissues (Gross, Highberger and Schmitt, Proc. Nat. Acad. Sci. 37: 286, 1951; 41: 1, 1955) , and is probably a metabolic precursor of collagen fibrils (Harkness, Marko, Muir and Neuberger, Biochem. J. 66: 558,1954) . Electrophoretic patterns of cold NaCl extracts of fresh guinea pig corium qualitatively resemble that of serum except for the presence in the former of a high, hypersharp, slow-moving peak in the 'Y-globulin fraction. A similar hypersharp boundary is present in the ultracentrifuge pattern. This boundary1s removed on precipitation of the collagen fraction by warming the extract to 37°C. The relative viscosity of the extracts is a nearly linear function of the non-dialyzable hydroxyproline content and is not related to tyrosine (measure of noncollagenous protein), or to hexosamine, uronio acid and hexose (indices for glycoprotein and polysaccharides).
•
Dietary restriction of growth for 10 days causes loss in extract viscosity paralleled by 5-10· . fold decrease in hydroxyproline. Less than 2-fold decrease in tyrosine and hexose and no change in hexosamine or uronic acid are noted. Nearly identical changes are observed in extracts of skin of scorbutic guinea pigs; however, changes in the electrophoretic and ultracentrifugal patterns suggest alterations in the properties as well as amounts of the extractible collagen. It is concluded that the neutral salt extractible collagen is derived from the amorphous extrafibrillar ground substance and may possibly play an important role in its physical chemical properties.
DiacU3aion
DR. LAZAROW:
If this protein is precipitable at 37°, is it a reversible phenomenon? How do you envision its state in the connective tissue in the body at 37°? DR. GROSS: This question has intrigued me considerably. The collagen extracted in neutral salt solutions is probably present in the extrafibrillar ground substance either in a state of random molecular dispersion or in very loose, metastable aggregates which mayor may not have specific structural organization. The fact that it is greatly diminished in amount after only 48 hours of partial starvation suggests that it is being either precipitated as insoluble fibrils or metabolized at a fair rate. Only during active growth is replacement fast enough to maintain it in appreciable concentration. Whether or not there are rateregulating substances present which control the rate of fibril formation is being studied. DR. LEBLOND: Did you look at sections of connective tissue with or without previous extractions to see whether histological differences would be visible? DR. GROSS; Our histological studies are still too incomplete to give an answer.
• It is not clear whether or not present histochemical methods permit distinction between sulfated carbohydrates and non-sulfated acidic carbohydrates. Sulfation of tissue sections is known to induce metachromasia of certain polysaccharides. Bignardi some time ago reported that chromic acid was capable of inducing metachromasia in glycogen. There is no reason to believe that such oxidation introduces sulfate groups. It is probable that aldehydes formed by oxidation of 1,2-g1ycols are further oxidized by chromic acid with formation of carboxyl groups and carbon dioxide. A comparison of sulfation-induced metachromasia with oxidation-induced metachromasia seemed worthy of study in the search for histochemical differences due to the nature of the acidic group.
The amount of metachromasia obtained with chromic acid seemed to vary on consecutive trials and was often poor. It is known that chromic acid is more drastic and unpredictable in its action on 1,2-g1ycols than periodic acid. While periodic acid is a superb oxidant for yielding aldehydes, there is so little secondary oxidation that little or no metachromasia is seen in polysaccharides from its use alone. Nevertheleasj periodic acid is more effective and uniform in the initial oxidation to aldehydes. When chromic acid is used after preliminary periodic acid oxidation, the metachromasia obtained is more intense and uniform than after chromic acid alone. We depend on periodic acid for the initial oxidation to aldehydes and on chromic acid for further oxidation of aldehydes to yield acidio groups.
Glycogen, Brunner gland mucin and certain other substances have been made metachromatic by sulfation and by the periodic-chromic oxidation sequence. Metachromasia due to oxidation of polysaccharides is unobtainable or "extinguished" by staining at pH levels below pH 4.0 or so while metachromasia due to sulfation is but little affected by relatively low pH levels. The effects of such oxidation and sulfation on the periodic acid-Schiff reaction and on Alcian blue staining of certain polysaccharides will be presented.
Discussion
DR. BALAZS: Your description of metachromasia as the "sympathetic" treatment puzzled me. It is evident that if cationic dyes react with tissues containing mostly hyaluronic acid and very little chondroitin sulfuric acid, such as the comb, umbilical cord and vitreous,' there is interaction between dye and polysaccharide. Whether this interaction will cause a shift in the absorption maximum of the dye to a shorter wavelength is another question. Presumably there is a difference in this respect between the dye bound to sulfate ester groups of polysaccharides and the dye bound to carboxyl groups. This shift to a shorter wavelength, or metachromasia, also depends on temperature, and the temperature dependence varies with the type of the negative sites to which the dye is bound.
DR. MOWRY: I agree with much you have said. We find that metachromasia due to carboxyl groups introduced by oxidation is definite but more labile or technic-dependent than metachromasia induced by sulfation. This generalization also applies to naturally-occurring acidic carbohydrates. Specifically, alcohol dehydration causes a change from red to violet with carboxyl-containing substrates that is reversed when such slides are dried in air after alcohol. The enhanced metachromasia persists after clearing in xylene and mounting. The color change is attributed to the condensation of trace moisture incident to evaporation of alcohol and cooling. This "gimmick" is useful but illustrates the complexity of interpreting differences in degrees and kinds of metachromasia. A few sulfate-containing substances also show labile metachromasia, viz. amyloid and sulfated renal basement membranes. The goblet-cell mucin of the human jejunum also shows relatively labile metachromasia compared to that of the colon.
•
Response of the Anterior Pituitary to DIchromate Oxidation.I HERBIIlRT ELFTMAN.
Columbia University, College of Physicians and Surgeons, New York, N. Y. Oxidation by dichromate is an essential feature of the standard cytological techniques for the identification of phospholipids and for the study of mitochondria and Golgi organelles in tissue sections. The necessity of keeping the tissue response to diohromate clearly in mind has received emphasis from the confusion which has resulted from the application to the anterior pituitary of the Acid Hematein teohnique. It has been possible to clarify the situation by studying the rat pituitary by means of Controlled Chromation. After the completion of dichromate oxidation, the general cytoplasm of the acidophile stains deeply with hematoxylin or brazilin but it does not have a marked affinity for Sudan black. The general staining of the acidophil cytoplasm consequently does not indicate the presence of phospholipid but is a measure of the extent to which the hexavalent chromium is reduced by some other cell constituent. Reliable indication of the presence of phospholipids is provided by parallel staining with hematoxylin and with Sudan blaok of Golgi bodies, mitochondria, and some granules in the acldophils. Discussion DR. FAND (Bethesda): We are using another copper binding dye, Luxol fast blue, whioh was described by Kluyver and Barrera, and was thought to pick out phospholipids. Applying it to sections of human pituitary body we got staining of some cells whichare thought to be acidophils. The stain was widely dispersed through the cytoplasm and did not seem to be localized to the Golgi region. It's of some interest that in this method for phospholipids, not all of the acidophilic cells were picked out, only some of them. This differs from the method for sulfhydryl groups where all acidophilic cells appear to react. The method utilized deparaffinized sections of tissue fixed in a variety of fixatives of which Carnoy's fluid was among the best. Following the conversion of carboxyl to methyl ketone, the latter was stained with 2-hydroxy-3-naphthoio acid hydrazide whioh has been previously suggested for ketonio carbonyls (Ashbel and Seligman, Endoorinol. 44: liM, 1949) . The reaction and staining was oompletely prevented by previous methylation of carboxyl groups for protein in tissue with absolute methyl alcohol and hydrochloric acid. After conversion of the carboxyl groups in tissue to ketonic carbonyls, the staining could be prevented by treatment of the seotions with semioarbazide. Tho ketonio carbonyls did not stain with leukofuchsin, so that in doparaffinized sections appropriately treated, only the free aldehydio carbonyls of elastic tissue stained with Schiff's reagent.
A survey of the tissue of the albino rat stained with this new method for oarboxyl groups will be presented. Of particular interest were certain sites, such as adenohypophysis, salivary glands, brain, kidney and skeletal muscle where an intense reaction occurred. The reaction in these tissues was due presumably to the concentration of terminal carboxyl groups. The effect on this color reaction of the carboxyl group of the dlbasic amino acids that is farthest removed from the amino group has yet to be determined. Investigations are being conduoted with this method to identify specifioproteins preserved in tissue by various flxatives. DR. BENNETT (Seattle): The interpretation of the pictures shown us would be facilitated considerably if we could distinguish those areas where the intense staining is due to higher concentrations of the material and those where it might be due to a higher concentration of reactive groups in the same amount of material. The interpretation of much of Caspersson's work on ultraviolet absorption had to be modified in light of the realization, some years later, that the total mass of material in his specimens was an important factor in determining the nature of the absorption. With an interference microscope it is easy to determine the amount of material. If we place this additional information at the disposal of those to whom we present our work, this would enhance the rigour of the interpretation which could be given to the work and would further the cause of histochemistry.
Discussion
DR. BARRNETT: We made the working assumption that the pituitary acidophil does not contain any more protein than the basophil, yet it stains more intensely with this method.
DR. ORNSTEIN (Mt, Sinai) : In connection with the last two comments, it might be mentioned that most of the areas that showed a relatively intense reaction here, with the exception of perhaps one, are the same ones that show an intense Millon reaction and are usually intensely acidophilic. Hence it would seem that Dr. Bennett's point is very well taken and that most of these probably do represent areas of high concentration of protein rather than its differences in composition.
DR. BARRNETT: I agree as to this possibility, but acidophilia is not to be equated with carboxyl demonstration. DR. SELIGMAN: In response to Dr. Bennett's suggestion the title of the paper was "the histochemical demonstration of carboxyl groups of protein." That is the stage at which we have elected to present this research today. If others wish to correlate the concentration of carboxyl groups as demonstrated with this method with the concentration of protein in the cell, and with the molecular weight of the protein, they are free to do so and we will in fact make all the reagents available. . The basis of the reaction for localizing tl-glucuronidase is the hydrolysis of 8-hydroxyquinoline glucosiduronic acid. The liberated 8-hydroxyquinoline chelates with Fe+++ to give an insoluble complex, the iron being converted subsequently to Prussian blue. Modifications have been made of the Friedenwald-Becker procedure which first utilized this principle. Particular importance has been attached to the state of preservation and fixation of the enzyme and to the physical condition of the substrate solution. In addition, the most troublesome features of the earlier methods have been either eliminated or minimized. Friable tissues have been fixed and then embedded in a gelatin medium modified for histo-chemistry, and satisfactory sections cut from the frozen block. Otherwise embedding was unnecessary. A systematic study of over thirty normal tissues of the rat and mouse revealed characteristic localizations in the cytoplasm of epithelial cells in secretory tissues (e.g., uterus, gastrointestinal tract, etc.) and striking depositions in specific cellular sites of the nervous and endocrine systems. In many respects the findings resembled those of Seligman and coworkers who used a bromonaphthyl glucosiduronic acid substrate. In spontaneous and transplanted mouse mammary adenocarcinoma, the tissue was rich in /I-glucuronidase with the cytoplasm of the malignant glandular epithelial cells exhibiting intense staining. In leukemic mice, the tumor cell cytoplasm was rich in /I-glucuronidase. Human adenocarcinoma of the colon shows intense /I-glucuronidase activity in the malignant glandular tissue. These cyto-and histo-chemical studies provide observations which make possible more exact interpretation of /I-glucuronidase data obtained from homogenates of tissue.
•
Discussion
DR. GLICK: A few years ago when Dr. Wattenburg and I were working on this enzyme in the adrenal, I asked Dr. Friedenwald to send us some substrate so we could compare the staining of the adrenal with the direct measurement of enzyme in seotlons. He wrote back the reaction gave false positive staining in the presence of fat. Does fat in tissues, such as the adrenal, interfere in any way with your modification? Also what percentage of enzyme actiVity is lost in the fixative? Dn, FISlIMAN: We've been able to control the amount of precipitate that appears in fat by a final toluene extraction. It removes a great deal of fat. About loss of activity, we have not homogenized fixed tissues and found out how much still remained in any systematic way but we do find that the histochemical reaction for glucuronidase and for phosphatase is preserved for a much longer period of time in the chloral hydrate solution than with the ordinary fixatives.
DR. RUTENBURG: We have also studied the distribution of /I-glucuronidase in tumors, by Seligman and Tsou's post coupling azo dye method, using 6-bromo-2-naphthyl-glucuronide as a SUbstrate. Few tumors do show an apparent increase in glucuronidase activity over the tissue of origin, but most tumors showed either the same or much less glucuronidase activity This is due both to the differential distribution and total amount of cytoplasmic structures in the tumor cells as compared to normal cells. This is particularly striking with epithelial tumors of the gastrointostinnl tract. Thus, many cells of normal intestinal epithelium contain Iarge.nmounts of mucin which is negative for glucuronidase. Under low magnification the stain appears light. But on closer examination, the cytoplasm shows a much more intense stain in its small intracellular rim than the more copious cytoplasm in the tumor cell which lacks mucin. Comparing these histological observations with quantitative determination of glucuronidase activity using the same SUbstrate, by eonversicn of the liberated naphthol to an azo dye, extraction of the latter with an organic aolventv'and colorimetric assay of the extract; there was a close correlation between glucuronidase activity so assayed and histochemical activity as seen microscopically. In general, most tumors of epithelial origin shewed less glucuronidase activity than the normal tissues, and sarcomas still less. Almost all tissues in mammals show a high glucuronidase activity.
Dn, FISlIMAN: The visual differences give us no quantitative significance as far as the stain is eoncemed. But when we run parallel incubations with uninvolved and tumor tissues, the tumor stain comes up much sooner than in the uninvolved tissue. In histochemistry you all know that a section can be "overdone" or "underdone." What we must stress is the fact that lack of good staining for /I-glucuronidase does not mean that glucuronidase is absent. In our first attempts on human tumors we ran into difficulty with the technique because human tumor tissues are more friable'and often contain a fair amount of fat. However, it was found by changing our method of embedding and a few other technical details that the enzyme in tumor cytoplasm easily became manifest. Perhaps your failure to find a positive correlation is not too important at this stage.
We have found that attention to details of technique and enzyme preservation has paid dividends in reproducibility and quality of the work. The histochemical demonstration of many enzymes has been complicated by the solubility and diffusibility of a portion of the enzymatic content of the tissue (lyo-enzyme). An insoluble fraction of the enzyme (desmo-enzyme) has remained fixed in tissue to serve as a localizing focus in these preparations. However, it has not been clear in every situation to what extent fixatives and exposure of sections to various solutions has resulted in removal of the lyo-component. Some authors have instituted procedures which were claimed to result in sharper pictures, and have attributed the result to superior reagents and substrates when the proper explanation may have been due to more efficient extraction of the diffusible lyo-enzyme.
•
Quantitative estimations of these two components of enzymes such as phosphatases, esterase, p-glucuronidase, sulfllotase, and leucine aminopeptidase have been made before and after exposure to various fixatives and solutions. The results of these studies will be presented and they are to be considered a prelude to the development of methods for demonstrating the roles of these two components of the enzymes histochemically. There is some promise that the purposeful histochemical demonstration of the desmo-enzyme may give some indication of the organelles involved in the elaboration of the enzymes. Furthermore, such preparations, ill which the diffusible component has been removed, may be useful in evaluating diffusibility of reaction products of histochemical methods. Dn, NAClILAS: The percentage values in the tables were the averages of the number of experiments shown. The variations between different determinations of the same experiment were a little greater than one might desire, but probably are inherent in the method used. Most of the values were within a reasonable range of error, and duplicate determinations were always within 5%. The values recorded may suggest a greater degree of accuracy than is justified, but they do support the validity of the observations which we wish to stress; namely that the lyo components of the different enzymes are markedly different, and that significant diffusion of enzyme occurs after fixation.
DR. GOMORI: The data presented here seemed to prove that the enzymes examined here 'were practically 100% lyo-enzymes. That you did not get 100% in the supernatant was simply due to enclosure of some of the enzyme in semipermeable membranes. Now the definition .of a desmo-enzyme is an enzyme inseparably associated with insoluble particles which was never proven here. It was simply shown that.it doesn't get out under the conditions of this experiment but it could still be a lyo-enzyme.
DR. NACHLAS: It may be true that some of the enzyme can not get out because it is encased in a semi-permeable membrane although this is not likely with 8 p. sections. But with the six enzymes we studied, different amounts diffused out. It seems likely that with sufficiently drastic treatment by the biochemist all the activity could be brought into solution. We have referred to the fraction of the enzyme which remains within the tissue section as the desmoenzyme, and have studied it under conditions used in histochemical methods. As stated by Lison, the desmo-enzyme is the one which is demonstrated histochemically. DR. NOVIKOFF: I believe that Dr. Gomori and Dr. Nachlas can maintain such opposite positions equally well because of our deep ignorance of where and how these enzymes are localized within the cell. There is no conclusive evidence that in the living cell we have "lyoenzymes" and "desmo-enzymes." These terms can at best have only operational meaning.
Since there is such great variability in the extent to which an enzyme appears to be "soluble," depending upon conditions of the experiment, it seems of little value to use the terms lyo-and desmo-enaymes. The situation may change when we know more about the extent to which a given enzyme is intimately bound to structure in the living cell.
DR. GOMORI: I know three enzymes, namely, acid phosphatase of the prostate, alkaline phosphatase of the intestinal mucosa, and esterase of the liver, which are 100%lyo-enzymes on this basis. If you make homogenates, freeze and thaw, and then pass through a Seitz filter until crystal clear, the activity of this solution is the same as in the original homogenate, or even greater.
DR. SELIGMAN: The experiment Dr. Gomori just described, of course, doesn't prove that he has removed 100%of the enzyme. In fact, he admitted at the end that he had removed 118%. Since he only examined what he removed rather than what was left, he can not tell what was left by subtracting from 100.Dr. Nachlas' data show that only too well. We must not miss what I think is the significance of Dr. Nachlas' work. Our use of the terms lyo and desmo enzymes is not strictly adherent to the original meaning as devised by chemists. For the histochemists it is only important to realize that there are two components for the same enzyme, one that moves out of the cell easily, the other that resists solution and remains firmly attached to structural protein under the condition of the histochemical experiments. What is more, the component that moves out, moves out in ten minutes and no more moves out if you wait an hour. This seems to be a clean-cut phenomenon. Now the significance of it in our minds, is that these soluble components have been gumming up a lot of histochemical methods and that people have been inadvertantly removing these soluble forms that lead to fuzzy pictures and have claimed that their methods now give sharp pictures with more reliable localization. What they have actually done probably, is remove the soluble diffusible enzyme. In order to focus attention upon this phenomenon, perhaps we should examine some of our methods where we purposely remove the soluble components. By thus demonstrating the sites of the high enzymatic concentration, morphologically, we will see more pictures like those Dr. Holt showed us today. Therefore, this approach should be a useful one.
Dn, BENDITT: As long as we have gotten involved in this argument I think one just might as well carry it a little bit further. It is actually how many angels can dance on the head of a pin; as Dr. Lillie says, it's as many as God wills. The Freund Finelich adsorption isotherm also produces a nice continuously reproducible phenomenon. Perhaps the activity which you demonstrate as remaining, desmo-or insoluble enzyme, may not actually have shifted from their initial location and been adsorbed. There is no real proof that these things are not in their original sites.
DR. NACHLAS: The possibility that these enzymes might move within the cell has not been excluded by the experiments reported; nor did we make such a claim. However, it does seem reasonable to us that any fraction which moves would be more likely to move out into the aqueous media than within the cell. Furthermore, the experiments indicated that the lyo component moves out into solutionfairly fast, and that prolonged incubation does not result in the appearance of any more aotivity in the diffusl\te or loss of activity from the section.
DR. BERG (Rochester): Whenever I have seen data in which the bioohemist recovered his enzyme activity in the supernate and then tested the precipitate, the preoipitate had a little bit more. It seems to me that histo chemists work with just that fraction, that is left in the residue. Should you call it a desmoenzyme, or rather a trapped or adsorbed fraction? This is where my question leads. Have you repeated your tests on different species? In my own work, when the same histological procedure is applied to the same tissue of two different species, or to embryos as compared to adults, it has a radically different effect on the washing out of enzyme. The chemical difference may not be in the enzyme, but rather in the intracellular substances reacting with it.
DR. NACHLAS: Well thank you, we haven't explored that at the moment but we probably will look into it.
• Some Problems in Localizing Enzymes at the Electron Microscope Level. ALEX B.
NOVIKOFF , 9: 592, 1955; Nature, 177: 382, 1956 ), that phosphatase activity could be demonstrated in osmium-fixed intestine prompted this study.
Samples of intestine, liver and kidney, 0.5-2.0 mm in size, were homogenized after fixation in cold buffered osmium tetroxide at pH 7.4 for 5-10 minutes and rapid rinsing in Tyrode's solution; control homogenates were made from unfixed samples of the same size. Fixed pieces were also processed for both light and electron microscopy.
Assay of the homogenates showed that brief osmium fixation: 1) removed only small amounts of total nitrogen; 2) inhibited completely the oxidative enzyme limiting the reduction of neotetrazolium when succinate is the. substrate; 3) left in the tissue the following average activities for alkaline phosphatase, acid phosphatase and esterase respectively (in micromoles/gm.Zhr., and in % of the original activity): intestine 497, 10%; 40, 18%; 466,9%; liver 19, 21%; 5, 1%; 803, 11%; kidney 100, 8%; 9, 2%; 360, 9%.
Incubation of blocks of tissue~1 rather than sections, aeems suitable only for a few organs like intestine in which the active tissue (mucosa) is directly exposed to tho incubation medium and in which the cells apparently permit penetration of substrate and other materials.
Solubility of enzyme and reaction products, with the methods generally available, make it hazardous to draw conclusions concerning enzyme localization on the level of fine structure.
Results will also be reported with the use of formalin-fixed tissues for incubation, followed by osmium tetroxide treatment to protect the sections in the electron beam. Discussion DR. JOHNSON: How do you propose to distinguish between reduced osmium tetroxide and the metallic material used in visualizing the various enzymes in these procedures, such as silver and lead? DR. NOVIKOFF: The relatively massive silver and lead deposits are readily distinguished, by their density, from the low background density of the osmium-fixed sections.
DR. GROSS: I note a tendency to assume that perhaps osmic acid is the ultimate in fixation for electron microscopy. Perhaps one of the answers is to try to find better and different fixatives and bettor and different embedding methods so that when the histochemical techniques are further perfected they. may be more usefully applied.
DR. NOVIKOFF: Wo agree with Dr. Gross. Limitation of time prevented discussion of this matter. We had also to omit comments on our use of formol-fixed tissue for enzyme incubation, followed by osmium tetroxide to resist the deleterious effects of the electron beam.
• The Use of Organic Dyes in Electron Microscopy. I. ISENBERG.* Department 01Anatomy,
The University 01 Chicago. Several tissues were prepared by freezing and drying so that no ice crystal spaces were visible in the electron microscope. Some tissues were then digested with ribonuclease, desoxyribonuclease or amylase. The specimens were then stained en bloc with gallocyanine chromalum, Azure II, the Feulgen procedure and the periodic acid leukofuchsin method for glycogen. Appropriate controls were prepared. Ultrathin sections of the above material when viewed in an electron microscope showed good contrast.
In view of the emphasis which hitherto has been placed on staining with heavy metals, theoretical considerations on contrast production in the electron microscope become important. Theoretical analysis shows that contrast in the electron microscope may be larger or smaller than in the light microscope after staining with the same dyes, depending upon the optical extinction coefficient and molecular weight of the dye, and the manner in which the dye-substrate complex is distributed submicroscopically. Calculations show that with the common histological dyes the order of magnitude of the contrast will be the same in the electron microscope and the light microscope. Electron micrographs made from sections of stained and unstained materials support this statement. Illustrative electron micrographs of stained tissue sections will be shown.
Discussion
Dn. TnORNBURG (Seattle): There were 3 points that require proof here. In the first reo garding the crystals, a test which is often given for crystals in frozen materials is whether or not birefringence is present. I think it should be pointed out that crystals up to 100-200 mj.l in thickness will not normally be detectable by the best microscope. Secondly, the fact that crystals are not cytologically in evidence is not proof that they do not exist in some order or size. Another point, in regard to the vitreous state: Vitreous solutions have been produced solely in the physical laboratories under only very peculiar conditions. And it seems to me unlikely that they could be produced in biological material. There is work that indicates that crystals of the vitreous state cannot coexist with ice at temperatures at about above 130°C. negative. I think the eclectic arguments have to be applied to this Case with caution because we have states of both salt and water which must be looked into carefully. Also the vitreous state is a rather ill-defined state, and it may be quite inappropriate to apply it to biological systems although they may imitate certain aspects of the vitreous state, vitreous state being physically defined as one in which the viscosity for a given temperature at which the viscosity comes to the order of lOll, and there is a discontinuance then of the physical properties. Finally the question of whether ice crystals push membranes I think is probably well treated by Smith in a recent book on freezing wherein the analysis relates to osmotic damage that's done by the growth of crystals and ot the actual pushing by crystals which one would not expect them to in cytoplasm. But 1t appears that these membranes are broken and that the crystals grow through the break. Dn. ISENBERG: The statement that visible ice crystals are not present is based on the fOllOWing experiments. When thermocouples are placed in blocks of liver larger than 0.3 mm, and these blocks are immersed in liquid propane at -175°0. ono finds that tho ternperature does not drop uniformly but at some point starts to rise. After a short rise tho temperature again falls. This is due to the heat evolved during a phase change. For blocks ?f liver smaller than 0.3 mm. no temperature rise is observed. Empty spaces may be seen rn electron microscope pictures of the former material while no such spaces are seen in the latter case. When pieces of liver 0.1 mm. in size are frozen in liquid propane at -175°C., there is stainable material everywhere. It is quite possible, however, that at a level com. Parable with the electron microscope resolution, ice crystals may be formed. These ice crystals might have such a high surface energy that no heat of crystallization would be observed by the methods used. It should be realized, howeverf.that the formation of such small crystals would cause little shift in protein.
The transition at -130°C. referred to by Dr. Thornburg will be treated by my colleagues and me in a forthcoming paper. In all probability this is a surface nucleation phenomenon and has little to do with the problem at hand. DR. ORNSTEIN (Mt. Sinai): The chromatin patterns in your electron micrograph of the Feulgen preparation need not be directly related to the amount of dye added to the chroma. tin. Also, with some fixations similar chromatin patterns can occasionally be observed in "unstained" electron microscope preparations. Therefore, the interpretation of your micrographs warrants further scrutiny.
As indicated in your equations electron microscope contrast depends on density differences in the specimen. The critical factor, S, in your equation is nearly constant for most substances, and therefore, contrast depends linearly upon density.
Estimates of the effective concentration of a dye in an electron mioroscoplc section based on calculationa from optical microscopic contrast, with the introduction of relatively arbitrary correction faotors of the order of magnitude of 20, can be deceiving. One will certainly grant that, for example, an estimate of the RNA concentration, and also the concentration of basic dye, in a single stained RNA granule (a "Palade granule") made on the basis of light microscope observations and measurements, (where the particle is below the resolution of the instrument) will be very low. However, the case of blocks of nuclear chromatin of the size demonstrated in your slide, the correction factor must be very close to 1 rather than 20.
If, for the case of the Feulgen reaction, for a nuclear structure which when unstained shows little or no contrast relative to the surrounding nuclear or cytoplasmic material, one instead calculates the net increase in mass which would have to occur for it to be easily detected as a stained structure in the electron microscope, allowing for the background density contributed by both the supporting methacrylate embedding and the nuclear and cytoplasmic proteins, one finds that the mass of the nuclear chromatin must be increased by a very appreciable amount, (2 to 3%); and it should be noted that this is to produce a detectable stained picture. This would still be a factor of 10 below what the cytologist and histologist usually think of as good staining contrast. Cytophotometric measurements show that the maximum weight of dye bound per unit weight of DNA in the Feulgen reaction is about 5%. Thus, only regions of the nucleus which were 40% or more by weight of DNA would even be detected. On the other hand, these regions should be visible without staining by virtue of the high' density of DNA.
As was first shown by Councilman Morgan, and as will be reported as a result of studies going on in a number of laboratories, the differential increase in specimen contrast in the electron microscope which can be produced after treating with reagents such as OsO. depends on a stabilizing effect of the reagent on the cell structures such that material which was easily sublimed by the electron beam before treatment is stable afterwards. It is to be expected that clear cut cases of increase in specimen contrast after the use of specific "stoichiometric" staining reagents will probably be attributable to this type of phenomenon rather than to the staining contrast dealt with by Dr. Isenberg in his analysis. DR. ISENBERG: First, the staining that I have been discussing is evident on the electron microscope screen when an unstained section is replaced by a stained one. Second, while it is quite possible that some methacrylate boils off while the beam intensity is being raised to the point at which the section becomes visible, there is no evidence that this is the cause of tho phenomena I have been describing.
The factor of 20 that was criticized is not arbitrary but was based on actual measurements. However, one can drop this factor and still reach the conclusion that electron microscope staining is possible. Instead of comparing the electron microscopic section to a very good optical section, one simply compares it to a poorer section that still shows visible contrast in the light microscope.
DR. SELIGMAN: Those experiments are not only interesting but actually quite encouraging, because if you can show dye-binding to protein in this way I think it will be a very short step to develop electron-dense dyes that will accentuate the picture for us .
• not readily apparent in thin sections in the electron microscope. This problem is especially acute with respect to the chromatin of the interphase nucleus. A combination of four obstacles is mainly responsible: 1) The similar electron scattering properties among various nuclear components, leading to poor contrast.
2) The absence of membranes delimiting nuclear structures.
3) The difficulty of interpreting three dimensional structure in thin sections. 4) Our inadequate knowledge of changes in content or distribution of nuclear components such as DNA during fixing and imbedding procedures. This situation could be largely resolved were a direct cytochemical attack possible but suitable specific electron staining reactions are presently not available and analysis of thin sections with the light microscope is almost impossible. A less direct approach has been used successfully in circumventing these difficulties, however, and it is now possible to answer these two critical questions: 1) Does DNA remain in the nucleus after preparative procedures for electron microscopy and 2) if so, what is its distribution? The answers have been obtained in the following way: A variety of animal and plant tissues have been fixed in buffered OsO. and imbedded in methacrylate. Thin sections for electron microscopy have been cut adjacent to thick ones suitable for cytochemical studies with the light microscope. A positive Feulgen reaction in the latter in nuclei and chromosomes shows that DNA remains in these structures after the preparative procedures. The distribution of Feulgen positive material resembles that seen after other commonly used cytological fixatives. The fine structure of the Feulgen positive areas may be followed by first identifying them in the light microscope and then locating the identical areas in the adjacent thin section with the electron microscope. The results and limitations of such comparative studies of interphase chromatin distribution and fine structure will be discussed .
• Histochemistry of the Digital Arteriovenous Anastomosis (Glomus) in Mant.
HERBERT MESCON, AND HARRY J. HURLEY, JR.·t
The arteriovenous anastomoses of human digital skin are specialized vascular structures. They are concerned with temperature regulation and are believed to be the vascular elements responsible for the "rewarmlnga" that occur in the digits after exposure to cold. Physiologic studies, in animals and in man, have indicated that these vessels are under nervous and humoral control. To date, however, it has not been possible to ascertain the type of autonomic innervation (adrenergic or cholinergic) which is present. In this study, the cholinesterase technique of Koelle was utilized to identify the autonomic fibers which supply the vessels of the glomus. Fresh frozen sections were cut from biopsies of human skin from the volar surfaces of the toes of normal, white, adult males. Both substrates, acetylthiocholine and butyrylthiocholine, were used to allow for the selective localization of specific and non-specifio cholinesterase (ChE), respectively. In a control set of slides, the ChE inhibitor, diisopropylfluorophosphate, was employed in a concentration of 5 X 10-10 M, in order to selectively inhibit the non-specific ChE in human skin. Other histochemical stains were also employed and will be discussed. Examination of these slides revealed the presence of specific cholinesterase in many nerve fibers supplying the arteriovenous anastomoses, but not about the afferent arteriole, venule or other vessels of the glomus. The histochemical localization of specific cholinesterase in the nerve fibers supplying the digital arteriovenous anastomoses indicates that this vessel has a cholinergic innervation. It is suggested that these nerve fibers are vasodilatory in nature . Mast cells were isolated by differential centrifugation from peritoneal exudates of rats. The purity of the preparations varied from 87 to 92%. The mean volume of the isolated mast cell was found to be 1.3 :1: 0.2 X 10-6 mm. s; the specific gravity at 25°0. was greater than 1.27 and less than 1.30. Histamine was identified and its concentration measured in extracts of mast cells by means of the guinea pig ileal strip, and paper chromatography with butanol-acetic acid-water (4:1:5) as developing agent and diazotized sulfanilamide as the color reagent. By this means it was estimated that the isolated mast cells contained 11.1 :1: 1.3'Y histamine (free base) per mm.s, An indirect estimate of histamine concentration derived from measurement of the relative volume of mast cells and the histamine concentration of the subcutaneous tissue of rat feet yielded a value of 12.2 'Y histamine per mm.! mast cells.
Heparin was extracted from acid-acetone extracted mast cells. It was identified and its concentration estimated by 3 methods: 1) anticoagulant activity on whole rat blood; 2) paper chromatography using propanol-water-phosphate buffer (2:5:1) and toluidine blue metachromasia for identification and 3) hexosamine analysis. A purified heparin standard (145 I.U./mg.) was used for comparison. The clotting and chromatography yielded estimates of 27 and 34'Y heparin per mm.! of mast cells and a hexosamine concentration of 10.9'Y per mm.! of mast cells.
DR. GLICK (Minnesota):
We have used essentially the same technique in our own lab with some modifications and we too can get 100% pure fractions regularly. The differences in technique are of some interest. We found that the use of gelatin in the medium with the sucrose increased the viscosity to an undesirable level and while it still gave good results, omitting the gelatin gave even better results. We used a density gradient of sucrose and found that you can not only separate the mast cells but also segregate the white and red cells.
.. Because many diseases of the central nervous system cannot be experimentally duplicated in lower animals it is necessary to study their pathology in man. A biochemical study requires the use of quantitative chemical methods capable of analyzing discrete and relatively homogeneous areas of the architecturally complex nervous system. It is necessary to show that these quantitative methods when applied to postmortem material are valid with regard to lapse of time after death, diffusion artifact, and influence of agonal conditions.
The effects of lapse of time after death were studied in the cerebellar cortex and immediately subjacent white matter of rabbits, whose carcasses were permitted to remain at room temperature for 0 (frozen immediately), 2, and 6 hours after death, and whose cerebellums were then frozen at the indicated times. Seven enzymes-acid phosphatase, alkaline phosphatase, hexokinase, lactic dehydrogenase, malic dehydrogenase, glutamic dehydrogenase, and phosphofructokinase (PFK)-were studied in normal animals and 5 enzymes-purine nucleoside phosphorylase, glutamlc-oxalaeetio transaminase, glutamic dehydrogenase, fumarase, and ,g.glucuronidase-in uremic animals. The results for all of these enzymes, except PFK, showed changes in the order of :1:15% in each of the 3 cerebellar layers. These changes appear to be insignificant in comparison with those expected in disease. PFK, in contrast, showed approximately a 70% decrease after 6 hours in all 3 layers. There was no evidence of a diffusion artifact in these layers, which measured 80 to 300 J.I in width.
For all these 11 enzymes, the degree of stability in a water homogenate correlated well with the stability in tissue. If this correlation remains valid as new enzymes are studied, it will be possible to rapidly obtain information about the probable stability of any new enzyme to be studied in postmortem material without having to do a preliminary quantitative histochemical study on animals.
It may be concluded that for many (in this investigation 10 out of 11) enzymes this precise and quantitative microchemical technic may be validly applied to postmortem material. Discussion DR. LAZAROW (Minneapolis): I wonder whether a water or saline homogenate gives a true picture of the autolysis rate? If, for example, the destruction of a given enzyme is the result of an intracellular protolytic enzymatic activity, the dilution of the tissue 1 to 5 would decrease this proteolytic activity. Thus dilution might conceivably protect an enzyme which might be destroyed more rapidly in the undisturbed autolyzing cell.
DR. ROBINS: We have tested 3 enzymes-acid phosphatase, hexokinase, and alkaline phOsphatase-in 1:100 homogenates and they have been more unstable than in 1:5 homogenates, indicating that the greater the dilution the more unstable many enzymes will be.
hether this is a result of proteolytic destruction or not is not known. In the unhomogenlzed state, as we have shown, all of the enzymes (except one) we have studied are reasonably stable for at least 6 hours.
DR. GOMOR!: This is in complete harmony with what we find morphologically. Tissues preserved for 24 and sometimes even 48 hours are still good histochemically for acid phosp.hatase, alkaline phosphatase and esterases and are almost indistinguishable from fresh tIssues. Dr. Robins's comment about his series of 2, I'm sure he's chosen not to tell us about his paper with many animals in his series of normals. In response to Dr. Lazarow, I've been curious, for instance, about the quantitative histochemistry of skin, where as you know, there are proteolytio enzymes. Some of the enzymes are not stable in homogenates of skin and they are not stable in skin whioh has stayed 12 to 24 hours in the refrigerator. The activity of enzymes of skin at intervals after death is of praotical importanoe in skin banking beoause skin taken from cadavers can be used to graft onto seriously burned Patients. The time interval after death during whioh grafts can be taken and kept and be Useful is therefore of very praotioal importance. With the tetrazolium dyes I've observed that skin in 6 to 12 hours gives good reduotion in the epithelial basal layers, after that it fails. The gluoose-6-phosphate dehydrogenase though was markedly unstable so that as Dr. Robins and Dr. Lazarow both commented this is going to vary not only from enzyme to enzyme but from tissue to tissue and each of us for our own reasons will obviously have to examine our own material. DR. WACHSTEIN: I have oollected autopsy material for histochemioal studies for many years and I agree with Dr. Gomori. Sometimes the results are excellent in autopsy material, but there are also cases in which even alkaline phosphatase is demonstrable only very poorly. The influence of the agonal state needs further investigation.
DR. ROBINS: That of course is the purpose of these studies: to evaluate autolytio and diffusion effects so that we can assess quantitatively the effeots of disease. Determination of peptidase activity in human tissues was made using the following amino acid naphthylamides: nn-alanyl-d-naphthylamide, P-alanyl-p-naphthylamide, DL-phenylalanyl-p-naphthylamide, and L-leuoyl-p-naphthylamide.t The compounds were prepared either by the halogen acid chloride or bromide method, or by a carbobenzoxy synthesis. With the latter, the carbobenzoxy grouping was removed with HBr gas. Histochemical demonstration of aminopeptidase was attempted with all substrates, utilizing t Purchased from Dajao Laboratories Ino., Leominster, Mass.
an azo-coupling method. Sections of frozen-dried, paraffin embeddedliver, kidney, pancreas, spleen, and intestine were incubated in substrate mixtures containing diazotized o-aminoazotoluene for periods of 15 minutes to 2 hours. The sections were washed in water and mounted in glycerol-gelatin. The parenchymatous organs stained a deep red, as did the borders of the intestinal villi. In the spleen polymorphonuclear leukocytes and certain macrophagea stained. For quantitative determinations sections were extracted with pH 7.1 buffer, and portions of the extract incubated with .001 M concentrations of each substrate. Color was developed with a diazonium salt (Red B) and compared with known standards at 550 mI'. With both microscopic and quantitative methods the most rapidly hydrolyzed substrates in decreasing] order were: DL-alanyl, DL-phenylalanyl, L-leucyl and .a-alanyl.
Discussion
DR. RUTENBURG: Did you notice any difference in leucyl aminopeptidase activity between tumors of epithelial origin and connective tissue tumors? DR. BURSTONE: Unfortunately, I have not studied any connective tissue tumors. DR. PATTERSON: It should be noted that the aminopeptidasea may be enzymes of relatively low molecular weight, if Binkley is correct. The active molecules, whether amino acids, nucleotides, or both, are probably combined with protein in the cell. We have been w6rking with peptidases isolated from homogenates of ascites tumor cells. They are localized in the supernatant fraction and ultra-centrifuge studies have shown the enzymatic activity to be associated with proteins of 30,000-50,000 molecular weight. Cytochemically, these enzymes should thus be uniformly distributed in the cytoplasm, as found by Holter and his collaborators in centrifuged cells.
As to their localization in tissues, biochemical studies have shown them to be present in all cells studied, but in highest concentration in actively growing or secreting cells. Therefore one would expect a Irigh concentration in tumor cells, and pancreas. Your slides certainly showed a strong reaction in the pancreas but not in the tumor cells. The intense staining of the stroma is quite puzzling to me and I wonder if you have any comment to make on that.
DR. BURSTONE: Demonstration of these enzymes is limited by the sensitivity of our methods. If the latter were more sensitive, activity might conceivably be demonstrated in just about any cell. However, there is the possibility of adsorption of enzyme by cellular components of a homogenate, thus resulting in false localization. The stromal change I have observed in a number of tumors, and this may represent breakdown of the stroma adjacent to a rapidly growing tumor.
DR. GOMom: The aminopeptidase substrates are the best for the demonstration of peptidases but I want to call your attention to peptidases which I prefer to call halopeptidases, whch hydrolyze chlorinated or brominated peptides, These enzymes are present in fairly large amounts only in the cat, as far as I know. I'm quite sure that the sensitivity of the method is low because the coupling efficiency of naphthylamine at this pH is not too good. But I have no doubt that those are good localizations.
DR. MONIS (Harvard): I would like to ask Dr. Burstone whether there was mucin-like extracellular material in the intestinal lumen which stained for leucyl aminopeptidase. We encountered intraluminal secretions and debris in sections of human and rat small intestine and colon which stained intensely for acid and alkaline phosphatase and .a-Dglucuronidase.
DR. BURSTONE: Intestinal contents may stain, but the reaction is primarily localized to the borders of the villi. The sections were incubated at room temperature. Longer incubations have been run in the ice box. In regard to coupling of naphthylamine at pH 7, it is quite efficient when frozen-dried tissues are used, as evidenced by the sharp localizations. In the dyestuff industry coupling reactions are frequently run near neutrality. With frozendried tissues, sensitivity of the method is quite high and compares favorably with that of azo coupling methods for esterase and phosphate.
. The findings that leucinamide was hydrolyzed only by leucine aminopeptidase, and that the amine moiety attached to the carboxyl group of the leucine exerted a minor influence on the specificity of enzymatic activity led to the usc of t-Ieucyl-s-naphthylamide hydrochloride as a chromogenic substrate. This compound was synthesized and studied colorimetrically at about the same time in two independent laboratories. Attempts to develop a histochemical method with this substrate at pH 8 were reported to be unsuccessful, although this hydrogen ion concentration is optimum for the enzyme of rat tissues. By incubating the sections at pH 6.5, the sites of leucine aminopeptidase activity have been successfully demonstrated.
Blocks of tissue were frozen at -BO°C., and sections were cut at -20°C. with the rotary microtome in the cryostat. The slides were incubated at 37°C. in the buffer-substrate medium containing tetrazotized diorthoanisidine for periods of 30 to 120 minutes. The sites of enzymatic activity were stained red, and this pigment was converted to a blue pigment by immersion of the slides in a solution of 0.1 M copper sulfate for 2 minutes. The blue copper chelate has much less solubility in organic solvents than does the non-chelated red dye, thus affording the opportunity to dehydrate, clear, and mount the sections in Canada balsam. ' The enzyme was located in the cytoplasm of cells. Slides illustrating the localization of the enzyme in tissues of the rat, guinea pig, dog, and man will be presented.
DR. BURSTONE:
In the use of tetrazonium salts such as diazo blue B, is it possible for the dye to couple unilaterally in the reaction, then, if there should be diffusion of tyrosine or some other component in the tissue, for it to couple again and possibly cause false localization? DR. GOMORI : Maybe I don't remember right but I thought Dr. Burstone said that cyanide was a powerful inhibitor of this enzyme. DR. BURSTONE: At certain concentrations cyanide is an activator. If the concentrations are increased it becomes an inhibitor.
DR. NACHLAS: Our findings are in agreement with those of Dr. Burstone that cyanide is both an activator and an inhibitor depending upon its concentration. We chose to include it in our buffer-substrate mixture at an activating concentration (10-1 M). Perhaps Dr. Seligman would like to answer Dr. Burstone's question about the possibility of false localization due to the reaction of tyrosine with the diazonium salt.
DR. SELIGMAN: It has been suggested that one might demonstrate tyrosine of protein in tissue sections by monocoupling a tetrazonium salt into protein, washing out the excess tetrazonium salt and bringing in a new naphthol to couple with the other end of the coupled salt and so produce a pigment to visualize the tyrosine in protein. Now, under the conditions of this experiment, I wouldn't expect such a mechanism to operate to any extent. In the first place, the coupling agent has to be used in tremendous excess to insure monocoupling, which is not done here. I would expect that the tetrazonium compound as used here would soon saturate any possible places for coupling so that those places would be blocked and
would not remain open for the monocoupled naphthylamine diazonium compound which is the postulated reacting reagent. In other words the tetrazotized salt would plug up those points with very little color formation and the mono-coupled naphthylamine would not be present in high enough concentration to compete with them. Actually, I would not suspect that this would be an important source of error, but I think there is a very important source of error in the diffusion of naphthylamine itself which does not stick to protein as avidly as some of the acidic naphthols which have been prepared for other methods. Because of the definite time lag in coupling rate there is a danger of its moving before coupling has occurred and this is one of the big problems in trying to get good localization with this method.
DR. PATTERSON: On the cyanide question, there is a paper by Linderstrem-Lang (Z. physiol. Chem., 224: 121 (1934» on the antagonism of zinc and cyanide in influencing peptidase activity. The activating or inhibiting effect of various concentrations of cyanide was shown to be a function of the amount of metal present, concentrations of cyanide above those needed to combine with excess metal ions, were shown to be inhibitory to peptidases. The previously described method for staining of acid inorganic polyphosphatases required an incubation medium which was prepared from a mixture of phosphate polymers. This medium was analyzed by ion exchange and paper chromatography in order to identify the polymer yielding the stain. Only ring polymers, trimeta-and tetrametaphosphate were found. Pure trimetaphosphate gave enzymatic staining with the same distribution as that previously reported for acid inorganic polyphosphatase; distribution found with tetrametaphosphate differed in some tissues. Optimum composition of histochemical substrate solutions for tri-and tetrametaphosphatase will be discussed, with particular reference to lead phosphate artifacts. One useful substrate formula is: 6 X 10'" M trimetaphosphate, 4.7 X 10-1 M lead, .05 M acetate, pH 4.8.
•
Both enzyme and a cofactor were removed from sections by water. Ability of any fixative to trap activity in sections varied from species to species. Mild aqueous and alcoholic fixatives inactivated the enzyme. Procedures tested included fixation in frozen state, in anhydrous state (after acetone dehydration), and in paraffin ribbon during spreading. Optimum fixation schedules follow: Adult amphibia, fix in anhydrous state using 4% acetlc acid in aoetone; mouse, fix by spreading ribbon on aqueous .02 M Mg acetate at pH 5.9; frozen sections of mouse, fix at -15°C. in a 50% acetone solution containing 3.6% formaldehyde and .05M Mg or Co. salts at pH 7. Sections prepared by the last procedure yield maximal stain in less than five minutes, far faster than untreated frozen sections . muscle adenylic acid and glycerophosphate. Frozen sections from fresh unfixed as well as from tissues fixed in cold neutral formalin were used. The technic for adenosinetriphosphatase activity was valuable for the demonstration of bile canaliculi in the liver of various species including those in which the Gorriori technic for non-specific alkaline phosphatase gives inconsistent results. With both adenosine triphosphate and adenosine diphosphate as substrates, an intense and regular staining reaction is present in the capillaries of most organs. In the kidney there is a striking segmental difference in the staining of tubules located in the cortex and outer medulla, when ATP was used as substrate. The ascending limbs of Henle's loops and the distal convoluted tubules, show a much stronger reaction than do the proximal convoluted tubules. In the kidney and liver, as well as in other organs, as for instance in the adrenals and pancreas, the distribution pattern of enzymatic activity shows consistent and characteristic variations with the different substrates used.
In the ATP technic, formalin fixation supreases cytoplasmic staining, for example in muscle and heart, but has no influence on vascular activity. Thus the effect of formalin fixation is similar to that of -SH inhibitors as previously described by Padykula and Herman in sections stained for ATP activity at an alkaline pH. Discussion DR. SELIGMAN: I think those of us who prefer the naphthol or azo dye methods in the past have always had to concede that if there were any place in whioh the metal salt methods Would be useful, and a naphthol enthusiast could not follow, would be into the kind of avenues you have just heard reported. This very interesting paper is open for discussion.
DR. DEANE: I would like to ask if after formalin fixation, whioh inhibits ATPase, one
Would not be demonstrating nonspecific phosphatase(s) with ATP as substrate? DR. WACHSTEIN: Whether the activity demonstrable in formalin-fixed sections is really due to an adenosine triphosphatase, I don't know. However, it is quite obvious that non. specifio glycerophosphatase under identical conditions shows no activity, for instanoe in the wall of the arteries. The results of the lead sulfide method were compared with those obtained by the Rutenburg-Seligman technique (RS), using both formalin-fixed frozen and acetone-fixed paraffin sections. In general, the results of the two methods are closely similar, except for better detail, much sharper contrasts and less evidence of diffusion artifacts by the lead method. However, the latter often gives a spurious staining of the nuolei. In the ease of frozen seotions, diffusion artifaots are primarily due to the diffusion of the enzyme which cannot be prevented by the use of hypertonic salt solutions; the enzyme is aotually more soluble in the latter than in plain buffer. In addition, 6-benzoyl.2-naphthol has a marked tendenoy to form supersaturated solutions; this is another important source of false secondary looalizations. In rare instances (mucosa of the stomach), the distribution pattern of activity is different with the lead and RS methods.
The phosphates of two more highly insoluble naphthols (2,4-dichloro-and dibromo-lnaphthol) were synthetized. The results obtained with these relatively cheap substrates are essentially the same as, although esthetically far inferior to, those obtained with the RS method. DR. GOMORI: 2,4 substituted a-naphthols couple by first ejecting one chlorine atom. DR. Tsou: Maybe I can collaborate with some similar compounds, Dr. Seligman and I once looked at 1,6-dibromo-naphthol. In that case the L-bromo was ejected.
DR. SELIGMAN: That a halogen atom ortho or para to a phenolic group can be displaced by a coupling agent is well known. This occurs in the naphthalene nucleus but not so readily in the benzene ring.
DR. WACHSTEIN: I would like Dr. Gomori to comment on what he calls the false positive staining of the nuclei. I have consistently noticed that in the lead phosphate technique one gets this staining if the incubation mixture has a pH from 5 to 6. However, at a higher pH, this is absent, both in fixed and unfixed frozen sections.
DR. GOMORI: I wish I could answer your question. The fact is that at pH 5 you may get nuclear staining even in the absence of substrate. On the other hand, this nuclear staiJling is very inconstant. Out of 5-6 serial sections incubated in the same jar, some may show much more nuclear staining than others. It must be due to some random absorption of lead on the basis of physico-chemical affinity.
DR. SELIGMAN: Dr. Gomori, if it is possible for the parietal cells and the other cells of the gastric glands to show such diametrically opposite localization with these two methods, I don't suppose we should think it impossible that there might be an acid phosphatase in the nucleus that the azo dye method fails to demonstrate. DR. GOMORI: I would accept t1iis explanation if the nuclear stain were constant, which it is not. On the other hand, the staining of the chief cells of the stomach is present in. variably.
DR. RUTENBURG: Admittedly one of the major pitfalls of the post coupling azo dye method for acid phosphatase is the diffusibility of the enzyme. This can be partly suppressed by use of formalin fixed sections, strict control of substrate concentration, use of hypertonic solutions etc. But the presence or absence of enzyme diffusion is invariably a function of both the activity in the section and also of the time of incubation. Now this can be easily checked by analyzing the supernatant for presence of free naphthol which is liberated from the unhydrolyzed substrate by enzyme which has diffused out of the section. In such instances, by reducing incubation time and possibly substrate concentration, it is possible to achieve conditions where there is no free naphthol in the supernatant. This would certainly indicate that diffusion has been at a minimum. Results obtained with sections where diffusion has occurred and when a substantial amount of free naphthol is found in the supernatant would certainly be suspect as to the true localization of acid phosphatase in the section. DR. NOVIKOFF: I would like simply to call to mind the work of Feigin and Wolf (Lab. Invest. 2: 115, 1953) which suggests the possibility that the metallic ions combine with a protein component of nuclei. If so, this combination might be different at varying pH. DR. SELIGMAN: Was the 6-bromonaphthol that you used to measure its solubility obtained commercially or was it an analytical sample? DR. GOMORI: I will answer only Dr. Seligman's question. The compound I used was a sample I obtained from you 2 or 3 years ago and to be absolutely sure I dissolved it in acetone and poured it into water and collected the precipitate. It was actually recrystallized from about 20% acetone; that should take care of the free naphthol. I am convinced that the differences between your data and mine are due to the fact that crystalline {j-naphthol is exceedingly slow in establishing an equilibrium with an aqueous solvent even when shaken vigorously. On the other hand if you heat it and let it cool, you get a saturated solution with constant values on repeated analysis (190-200 "rlml.) . DR. SELIGMAN: In that case it was pretty good but not analytically pure since you didn't tell me what you were going to do with it, and I must have assumed you would use it in synthesis of derivatives. Precipitation from acetone with water would not make it analytically pure. The burden of proof of its purity is on the one who reports solubility data, especially if the determination is based on colorimetry which will not distinguish naphthol from bromonaphthol. DR. MESCON: In staining with different acid phosphatase techniques we have considerable difficulty ascertaining the proper end point. We have run chemical tests for free phosphatase on the substrate incubated with unfixed tissue and we continue to get increase in free phoaphate as long as 12 hours. To me this would mean that the longer we incubate, the more phosphatase activity we demonstrate. What then is the proper end point? DR. GOMORI: I can explain this by a simile. You take a photograph of an object with all sorts of shades in it. If you over-expose you have everything on the plate; but the contrast will be very low; if you greatly over-expose, everything will be black. If you underexpose you get only the highlights, and if you expose about right, some of the shadows re lost, some of the highlights may be too intense, but that is about the way our eyes see It. It is a matter of experience, to find the optimal time of incubation. In attempting to determine the acid phosphatase activity of nerve and brain tissue micro-dissected from frozen-dried tissue sections, using p-nitrophenyl phosphate as substrate, it was found that there was increasing loss of activity with increasing dilution. At high-dilutions of chick embryo brain homogenate, this loss may be as great as 50%. The effect appears to be a general one, having been demonstrated also in homogenates of liver, spleen, heart and kidney, and in mitochondrial preparations of lupine.
Although boiled liver extracts and perchloric acid extracts of liver restore the acid phosphatase activity of diluted chick embryo brain homogenates (B. S. Wenger and E. L. Wenger, Anat. Rec., 113: 525 (1952», the effect is quite variable, and liver extracts fail to restore activity to homogenates that have undergone partial inactivation due to prolonged dialysis or due to treatment with a variety of adsorbants.
Lyophilizing or repeated freezing and thawing of homogenates increases the acid phosphatase activity. Addition of ethylenediamine tetraacetate (EDTA) or one of a number of non-ionic surface-active agents also increases activity. Greatest activity at all dilutions is obtained by addition of EDTA plus a non-ionic surfuce-uctive agent. Isolated lupine mitochondria showed greatest acid phosphatase activity when incubated in 0.5 M sucrose-0.06% Triton X-100 at 0°for 1.5 hours prior to analysis.
The data suggest that (1) EDTA may prevent inactivation of acid phosphatase by heavy metals and that (2) surface-active agents may have a dual function of protecting the enzyme from surface inactivation at high dilutions and of releasing the enzyme from the mitochondria. An accurate method for measuring the reduction of neotetrazolium by tissue homogen-ates was obtained by studying a number of variables affecting the amount of formazan produced, namely; 1) effect of pH, 2) effect of KON, 0110++, and AI+++, 3) effect of tetrazolium concentration, 4) effect of incubation time, and 5) effect of tissue concentration. A comparison was also made between formazan production and oxygen uptake (succinoxidase activity, Schneider and Potter, JBO, 149,217, 1943) by homogenates of mouse liver, brain and kidney. Aqueous 10% homogenates of liver and kidney and 20% homogenates of brain were used. The incubation mixture contained sodium succinate (0.5 M) 0.25 mI.; Trishydroxymethylaminomethane buffer (0.2M) 1 mI.; and neotetrazolium in varying concentrations, 0.25mI. The effect of ions was studied by adding 0.25mI. of OaOla (4 X lO-a M), AlOIa (4 X lO-a M), and KON (2 X lO-a M) :The homogenates were added in various concentrations and distilled water was added to make a final volume of 2.5 mI. After incubation at 37.5°0., the reaction was stopped with 0.5 mI. of 40% trichloroacetic acid and the formazan was extracted by shaking with 3 mI. of ethyl acetate. Optical density of the formazan was measured at 510mj.l on a Beckman Model DU spectrophotometer using 1 em, cuvettes.
It was found that 1) the reaction has a sharp pH optimum at pH 8.0, 2) 0110++ and Al+++ do not increase tetrazolium reduction but cyanide produces a slight stimulation, 3) a tetrazolium concentration of at least 1 mg. per mI. is necessary for maximum formazan production, 4) reduction of formazan proceeds linearly for 10 minutes but starts to drop at 15 minutes and 5) plotting optical density of formazan against tissue concentration (2.5 to 10 mg.) results in a straight line passing through the abscissa (tissue concentration) to the right of the origin. This is a consistent phenomenon for which no explanation has yet been found.
The ratio of oxygen uptake of liver, kidney and brain is 1:1.75:0.32, respectively. The ratio of optical density of formazan produced by these tissues is 1:1.65:0.32, respectively. However, on a molar basis the amount of formaaan produced enzymatically by these tisBues appears very much lowel'than oxygen uptake. Discussion DR. GLICK: Our work might help to explain some of these difficulties. The use of ethyl acetate to extract the dye proved to be inadequate and we found that a mixture of acetone and tetrachloroethylene was much better. Ethyl acetate did not extract all of the color from the wet residue of the homogenate but the other solvent did. Another point there Was always some color contributed by tissue and we always had to run a blank to correct for it. We also compared NT and INT and whereas you plotted time against activity and showed that for the first 5 minutes the relation for INT was not linear, we found it to be linear for only the first 5 minutes. Probably something in the conditions of our experiments makes the difference but we would agree that INT staining can be used as a method for determining the enzyme. DR. SHELTON: Because of the non-specific reduction of the tetrazolium salts, we have found it necessary to use individual blanks for every experimental variable.
So far as the solvent is concerned, we are able to extract the color quantitatively from tissue homogenates with ethyl acetate. We prefer it to tetrachloroethylene for technical reasons, namely, ethyl acetate is less dense than water and is easily removed from the top of the incubation mixture. Tetrachloroethylene is heavier than water and it is necessary to go through the layer of incubation medium with 0. pipette in order to remove the solvent.
. The failure of the lines to go through the origin on the plot may be due to some unknown feature Of the kinetics of the reaction-such as, for example, competition with some endogenous substrate.
• Although the reduction of a ditetrazolium to the corresponding diformazan involves on heoreti cal grounds a half reduced intermediate, compounds of this type have never been Isolated. Red and blue staining seen when ditetrazoliums are used in histochemical procedursa has tentatively been attributed to the half and wholly reduced products. However, In the absence of clear evidence to the contrary, it has been assumed in quantitative methods based on these compounds that their reduction products can be treated as a single component system.
<
In this study it has been found that the reduction products of neotetrazolium or blue t.etrazolium can be separated on filter paper chromatograms with 70-90% acetone as the hquid phase into a red and a blue component. The products obtained from neotetrazolium have been examined in particular. Their spectra and specific extinction coefficients have been determined (peaks at 504 m" and 560 mu., optical densities of 0.030 and 0.0781-t1cc respectively in 1:2 tetrachloroethylene: acetone). From these data the amount of each occurring in a mixture can be determined.
It is not possible, however, without more information to quantitate the amount of reduction such a mixture represents, since it develops that the red and blue products arise from the reduction of two different tetrazoliums. This is concluded from the observation that under the same conditions of reduction which produce both components from neotetrazolium, neither is converted to the other. It is necessary to recommend therefore that ditetrazoliums not be used in quantitative methods until they can be obtained in a pure state and the characteristics and conditions of formation of their true intermediates have been determined. Discussion DR. SELIGMAN: I'd like to point out that it is unlikely that the structure of your compound is the amino derivative that you are postulating. I don't believe that significant amounts of such an amino compound could have been oxidized to the tetrazole because the amino group surely would get you into trouble. You are right in postulating that you have a monotetrazole but I just don't believe it is the amino derivative. If you will postulate complete diazotization at the start but then admit much monocoupling rather than dicoupling, then you can postulate that the diazonium group which didn't couple deoomposed and was replaced either by OH or by simple H. Now after that's happened oxidation to the tetrazole oould proceed so that I would only suggest modifying your idcas to the extent of eliminating the one amino group for an OH or H group. Can you oomment on that Dr. Tsou? DR. Tsou: As to the difficulty in changing the red to the blue formazan, if you take a diformazan and reduce it further you might also expect to get a red compound. If you take the blue compound and treat it with ammonium sulfide, do you get the red compound? A second suggestion is to reoxidize the blue compound you get from chromatography to neotetrasolium and go through the process again to see if you get only blue and not red. If we do get a red, that means that monoformazan is the intermediate and if we don't then we know for sure that this reduction does not go through a monoformasan stage. DR. GOMORI: Last year Dr. Findlay studied the reduotion of neotetrazolium by sulfhydryl compounds and in some of the experiments he used an overwhelming 100 to 1000 times excess of sulfide. The oolor did not change from blue to red. DR. GLICK: Dr. Nayyar and I have just finished a study on the comparison of the use of neotetrazolium with this iodo-nitro-compound whioh gives only one formazan, whereas the neo gives two. This INT is so muoh superior to NT that I think it simpler just to use it and by-pass these problems.
DR. NOVIKOFF: Do you mean on seotions? DR. GLICK: We did it both ways. We did it on seotions and found that as Defendi and Pearson reported you could quantitate the stain by extracting the dye from the seotion and measuring it. We did parallel analyses on homogenates of tissue and stained sections, and got the same results.
MRS. BURTNER: To answer Dr. Seligman, the results from having our red compound analyzed for carbon and nitrogen lead us to believe it is a monoformazan. If the nitrogen values obtained represented the eight nitrogens of a diformazan, the carbon values would be enough to supply all the carbons of neotetrazolium formazan and 28 more beside. If the nitrogen represented the four of a monoformazan such as 2,5-diphenyl-3-p-biphenylamine formazan, which is a reasonable possibility, then the excess of carbon over the calculated amount is only seven atoms.
To answer Dr. Tsou, the curve we presented for per cent ammonium sulfide to reduce the neotetrazolium versus per cent maximal optical density of the formazans produced shows that no red was sacrificed to make blue and that no blue was further reduced to produce red.
DR. Tsou: I think I'm convinced, but I think that the difference in an enzymatic reduction and using ammonium polysulfide is similar to the step-Wise reduction one might get from different chemical reagents.
DR. SHELTON: Dr. Tsou has brought up a point which emphasizes an advantage of INT over NT. Since INT has only one reduction product, identical spectral curves are obtained, regardless of whether it is reduced chemically or enzymatically. This is not true for NT.
DR. LONGLEY: In spite of the advantages of INT that have won Dr. Glick, ditetrazoliums may have some of their own, too. Due to an initial lag in formation of the diformazan, small differences in activity can be converted into large differences in the amount of color produced. This may be the basis of the contrast in levels of staining seen, for example, in the kidney when a ditetrazolium is used, whereas the results obtained with monotetrazoliums are rather monotonous.
DR. GLICK: The color intensity is so much greater with INT that on a determination of the sensitivity of the quantitative method it proved much more sensitive than the NT method. With a 5' incubation period you can develop more color than you can after an hour with NT.
,. DR. LONGLEY: I agree with Dr. Glick that INT is rapidly reduced, but using a ditetrasollum we can show a low level of activity just as well by increasing the incubation time. And INT, no matter how fast it reduces, can only respond in proportion to the activity present. A ditetrazole through its non-linear response can magnify differences in activity, snd from this point of view it is the more sensitive.
I would like to add a comment on how our findings effect the interpretation of quanti\ative work already reported using ditetrazolium salts. In general the absolute values in sheee reports are likely to be incorrect, but the order assigned to a series of activities will rrobably be correct. DR. GLICK: Are you plotting enzyme concentration against optical density? DR. LONGLEY: Concentration of anything, or time, in the case of an enzyme. DR. GLICK: But you say concentration of chemical reducing agent. When we plot enzyme concentration against optical density, using NT, we get a linear relation just as with INT. The only difference is amount of activity, not the shape of the curve. We do not observe this sigmoidal effect for enzyme reduction.
MRS. BURTNER: I believe Dr. Glick forgot that there are two components in that single curve. When separated, the curve for the blue component is sigmoidal. If you consider neotetrazolium as a single component system under some conditions this effect will be obscured.
DR. SHELTON: My results agree with those of Dr. Glick. I have calculated the amounts of the red and blue components produced by the enzymatic reduction of NT and find a linear relationship for both components when they are plotted against enzyme concentration.
DR. NOVIKOFF: I would like to ask a very naive question as an outsider. If there is such difficulty in reproducibility why not use the Warburg method?
DR. GLICK: The quantitative staining method also gives some degree of localization. DR. SCIINEIDER: (Bethesda): I must reemphasize one point in Dr. Shelton's paper. Her results imply that with INT you are actually detecting only 20% of the succinic dehydro-genase, while with NT, you are even worse off because only 3% of the total activity appears to react. If you are going to localize an enzyme in a tissue section what does the localization really mean when only a small fraction of the total activity is demonstrated? pn. LAzAnow: In comparing the oxygen uptake equivalent using the tetrazolium dyes with that obtained using the succinoxidase system in the Warburg, it has been found that the former system appears to be only 20% as active as the latter. This has been interpreted to mean that 80% of the enzyme is inactive when the tetrazolium system is used. It must b.e~mphasi zed that the hydrogen from the succinic acid is transferred in turn via the sueC10lc dehydrogenase through a series of intermediate components and ultimately to the dye, and finally to the oxygen. The rate of the overall reaction is determined by the turn-0:v er rate of the slowest component. Thus, the limiting step could be the rate of combinatlOn of an appropriate intermediate with the tetrazolium dye, or the transfer of the hydrogen from the dye to oxygen. Just because an overall dye reaction is only Uth, of the Warburg reaction, it would be erroneous to conclude that only 20% of the succinic hydrogenase is active.
Dn, DEANE: I should like to ask whether people are adding KON to the incubating medium? As I understand it, an adequate quantity of KON will prevent the funneling off of electrons, into the cytochrome system, so that one might obtain more nearly a 1: 1 ratio.
DR. SHELTON: The reaction is not significantly affectcd by the addition of KON .
• Little is known concerning the biochemical characteristics of blood capillary endothelium in relation to its functional behavior. The possibility was explored that the in situ reactions of endothelial cells with tetrazolium salts under carefully controlled conditions of substrates, co-factors, etc., might serve as a means of investigating changes in the blood Capillary wall. In this respect four agents were studied: 2,3 ,5-triphenyl tetrazolium chloride (TTO), neotetrazolium (NT), blue tetrazolium (BT) and 2-(p-iodophenyl) ,3-(p-nitrophenyI),5-phenyl tetrazolium chloride (INT). The initial experiments were done with various mesenteric spreads (intestinal, mesocecum, mesorchium, mesovarium, and omentum). Subsequent studies included tissue slices and excised arteries and veins. These structures were incubated in a Krebs-Ringer medium containing 0.1-0.5% tetrazolium salt. Appreciable reduction of the tetrazolium to the colored formazan in the absence of exogenous substrate occurred in capillary and lymphatic endothelium and in the smooth muscle of the arterioles and venules. Anaerobic incubation considerably increased tetrazolium reduction, as did the addition of substrates. Fresh frozen sections (30Il) were utilized to study specific dehydrogenase activities. In contrast to fresh frozen sections, freezing and thawing did not abolish endogenous vascular activity in mesenteric spreads. Substrate dependent systems were studied in the mesentery by depleting endogenous reduction of tetrazolium through the prior exposure of the spreads to Krebs solutions containing methylene blue and DPN under an oxygen atmosphere for 2~2 hours. It was found that INT > NT > BT in order of their relative effectiveness in vascular tissues. Various methods are being explored to detcrmine the feasibility of quantitating the deposition of reduced tetrazolium in small vessels.
DiscU8sion
DR. WACHBTEIN: Did you get reduction in liver with the new tetrazolium and succinate, but not with NT, as this is not in agreement with the usual findings? DR. OASCARANO: I did not make the point about sueeinate but reduction was obtained in the presence of substrate which did not reduce NT. 82, 1953) that the vital staining of mitochondria by Janus green B probably depends upon their content of cytochrome oxidase, a reinvestigation of the vital staining of nerves by methylene blue appears warranted. While it has been suggested by some that this staining has an enzymatic basis, this hypothesis has not received wide credence. The following facts, however, suggest that this may be the case. (1) Methylene blue staining of nerves requires aerobic conditions (Schabadasch, Bull. Histol. appI.18: 5,1936;  Harris and Peters, Quart. J. micro Sci. 94: 113, 1953) . (2) The methylene blue must be zinc-free (ibid.). (3) Staining is favored when a narcotic like urethane, which apparently inhibits electron transfer through the lower cytochromes, is present (Schabadasch, Bull. Histol. appl. 13: 72, 1936) . (4) No coloration develops if sodium fluoride, which inhibits metal-containing enzymes like cytochrome oxidase, is present (ibid.). (5) The inclusion of pyruvate, lactate, tartrate, citrate or acetate in the medium improves the differential staining of nerves (Schabadasch; Nelemans and Dogteron, Stain Tech. 28: 81, 1953 ). All of these facts are compatible with the hypothesis that the peculiar characteristic of nervous tissue to be stained selectively by methylene blue (E~at pH 7, + 0.011 volt) reflects a more favorable balance of oxidases (dye-oxidizing) to anaerobic dehydrogenasea (dye-reducing) than occurs in other tissues. The paucity of mitochondria in nerve fibers, however, suggests that it is not these organelles that carry the requisite enzymes.
Discussion
DR. LOWRY: Dr. Helen Burch has found that the next step in the system, the cytochrome DPNase oxidase, which is a flavoprotein, is very low in nervous tissue, considering the fact that brain in general has IlA much as liver; yet it has only about a Moth as much of this enzyme when you measure it with a dye. Indole quinone is very comparable in its ability to oxidize this flavoprotein which oxidizes DPNase, with methylene blue or ferricyanide but apparently the enzyme itself is just low and she has come to this same quandary. How does the brain get along with this limited quantity? I believe that your interpretation is completely correct, DR. LILL1lil: It is a matter of interest that this reaction extends also to the nonmyelinated axone.
-
Comparative Biochemistry of the Normal and Atrophic Lateral Geniculate. R. W. ALUERS.'" Laboratory oj Neuroanatomical Sciences, National Institutes oj Health, Bethesda. The visual cortex was removed unilaterally in a series of cats. Ten months thereafter the animals were sacrificed, the lateral geniculates and optic tracts removed, and frozen dried sections of the tissues prepared. Examination of cresyl violet stained sections of the lateral geniculate gray zones A and AI (I.g.g.) revealed an approximately fourfold 'increase in the number of neuroglia in the atrophic genieulates accompanied by a nearly 50% decrease in number of Identifiable neurons. No reactive changes were evident in the endothelial cells. The histology of the optic tract on the operated side was not readily distinguishable from that of the control.
For chemical and enzymatic determinations tissue samples of 1-10 pg. were obtained by careful microscopical dissection of the unstained frozen dried sections. Sample weights were determined with a quartz fiber balance.
The amounts of material which could be extracted successively by hexane and ethanol were found to be 20.4 :I: .8% (w/w) and 22.2 :I: .9% respectively for control Lg.g., and 33.3 :I: .6% and 33.0 :I: .7% for optic tract. Samples from the operated side did not differ significantly.
Aldolase activity in the intact Lg.g. was 3.35 :I: .09 moles per kg. dry weight and per hour (MKH), and 0.93:1: .04 MKH in normal optic tract. Iso-citric dehydrogenase activity ĩ l . g.. was 2.45± .15MKH and in optic traot, 0.37 ± .02MKH. Samples from the operated side did not differ significantly from the control with respect to these two enzyme activities.
6-Phosphogluconic dehydrogenase activity in control l.g.g, wae 1.05 ± .04 MKH while the.value determined for the atrophic l.g.g. was 1.44 ± .06 MKH (p < .001). The control optic tract activity was 0.60 ± .04 MKH and for the operated side, 0.58 ± .11 MKH .
• . I.IeLa cells grown in a synthetic medium developed by one of us were studied in the hVlng state with the phase contrast microscope and, after fixation and thin sectioning, with t~e electron microscope. Cells grown in a complete medium were compared by these methods With cells grown in a tyrosine free medium.
In the majority of the cells of living control cultures, mitochondria of medium length and diameter predominated although long, thin filaments and short rod-like spherical forms were also present. Lipid droplets were relatively few in number. The nuclei of these cells were characterized by a thin but well defined nuclear membrane and several prominent, irregularly shaped nucleoli, the larger of which showed vacuolization.
The majority of cells grown in a tyrosine free medium were oharacterized by possessing relatively few mitochondria, the majority of whioh were either plump, dense spheres or yery long filaments. In addition to numerous lipid droplets, a variable number of large, Irregularly shaped bodies unidentifiable with the phase. contrast microsoope were also present. No characteristic changes were noted in nuclear structure. Eleotron micrographs demonstrated that the internal structure of the long filamentous mitoohondria was essentially similar to that of mitochondria of oells of control cultures. The dense spherical itoohondria, however, possessed internal membranes whioh were arranged oonoentrically Just within the outer limiting membranes. These mitoohondria were apparently irreversibly modifiedsince similar ones were found in oells7 days after their return to a complete medium. Nebenkern-like whorls of ergastoplasm with concentrically arranged membrane systems were a frequent occurrence but were not found 24 or more hours after the return of cells to a complete medium. These cytologio modifioations have not been seen in a large series of healthy and degenerating cells from control cultures, nor in cells grown in a glutamine free medium. The hepatic parenchyma cells of well fed Rana pipiens tadpoles are rich in glyoogen, as shown by the periodio acid Sohiff reaotion carried ou~on seotlona of frozen alcohol substituted material. Ptyalin digestion abolishes the reaction in all but a few granules adjacent to the bile canaliculi. In such glycogen-rich livers many parenchymal nuclei contain a conspicuous spherical or subspherical mass which gives the above histochemical reactions for glycogen. During and shortly after metamorphosis the glycogen rapidly disappears from the parenchyma cells. It persists in high concentration in the nuclear inclusions for some time after the cytoplasm has ceased to react to give a visible test.
Discussion
DR. BENNETT:
In spite of the nice evidence which we have just seen, I still question whether this glycogen is intranuclear, or if there isn't a possibility, at least, that it could be cytoplasmic. The nucleus might be cupped around it almost completely. DR. HIMES: The possibility exists, since if the openings to the cytoplasm are very small, on the electron microscope level, we could not rule it out, but the evidence against it is that you see no membrane on the inside surfaces, i.e. no structure that looks like the outer surface of a nucleus.
DR. SCHULTZ: Did you look at these things at telophase? I have seen the same sort of picture. Perhaps the passing of the glycogen could take place during the reconstitution of the nucleus? DR. HIMES: I also imagined that this might be the case but I have seen no evidence of it• Sixteen adult male rats were partially hepatectomized and sacrificed in pairs 30 minutes, 2, 8, 12, 16, 24, 48, and 72 hoursJater. The livers were fixed in Zenker-acetic and stained with gallocyanin-chromalum for 16 hours at pH 1.0. The specificity of the reaction was controlled with ribonuclease. It was found that the organization of cytoplasmic ribonucleoprotein undergoes a cyclic evolution in three successive stages, which are well delineated as a function of postoperative time. The first stage is characterized by the gradual disappearance of the distinct, dense, coarse, basophilic bodies normally present in the cytoplasm of resting liver cells. The cytoplasm of the altered cells is evenly stained and intensely basophilic. This process starts within 30 minutes after the operation, reaches its maximum after 8 hours, and follows a definite topographical pattern proceeding from the periportal area toward the center of the lobule. The second stage is characterized by the appearance of slender, intensely basophilic rods which disrupt the uniformity of the cytoplasmic stain. This stage begins 8 hours after the operation, reaches its maximum at 16 hours, and proceeds from the centrolobular area toward the periphery of the lobule. The third stage is characterized by the condensation of the rods in distinct cytoplasmic loci and the gradual reconstruction of the normal basophilic bodies. This process starts at 16 hours and lasts until the end of the regenerative process, proceeding from the centrolobular area toward the periphery of the lobule. Twenty four hours after partial hepatectomy, cells adjacent to the central vein have completed the cycle. Cells in the middle and periphery of the lobule remain in the earlier stages. At 48 and 72 hours, an increasing number of cells in these areas complete the cycle, until ultimately, all liver cells have returned to normal. The onset of mitotic activity follows the same topographic pattern, proceeding from the periportal areas toward the center of the lobule, but with a lag of 16 to 24 hours. The significance of these results with regard to the mechanism controlling liver cell regeneration will be discussed. DR. GLINOS: In regard to actual depletion or just redistribution, I don't want to guess. We have not done measurements. Reported measurements of DNA and RNA after partial hepatectomy show that the first changes occur 12 hrs, after the operation. They consist o! an increase in both DNA and RNA. Price and Laird reported no change prior to this time. Since we have made no similar measurements, this is all I can say now. We looked for the perinuclear distribution and we did not find it. Further investigation seems worth while.
DR. NOVIKOFF: Were the animals given glucose in the drinking water following partial hepatectomy, or were other means taken to distinguish the changes noted from those resulting from fasting? Would you like to venture an opinion concerning changes in the degree of polymerization of the ribonucleic acid? DR. GLINOS: With regard to the first question, all the rats are pair-fed. With regard to the second, it is at the present time impossible to characterize the change in chemical structural terms. The results of interferometric dry mass determinations correlated with microspectroPhotometric DNA and "arginine" determinations done on 4000 individual bull spermatozoa from 85 bulls are presented. For the dry mass determinations, a Baker interference microscope combined with a photometric device was used (Leuchtenberger et al. Ohromosoma, 1956,in press). For the DNA and "arginine" determinations, Feulgen and fast green microspectrophotometric techniques were carried out. Based on comparable biochemical data for DNA and "arginine", the arbitrary units have been converted to absolute amounts (Leuchtenberger et al., Proc. Nat. Acad. Sci. 37: 33-38, 1951;  Vendrely and Vendrely, Nature 172: 30-31.1953 ). The results obtained are as follows:
1. Spermatozoa containing a constant haploid amount of DNA (3.04 X 10-0 mg.) also have a constant arginine content of 2.07 X 10-0 mg. with a DNA/arginine ratio of 1.47.
2. Spermatozoa containing variable and low amounts of DNA also have variable and . Usually higher amounts of arginine with a ratio of .95 for DNA/arginine.
3. However, the dry mass of sperm nuclei with an abnormal DNA content is nearly the Same as the dry mass of sperm nuclei with the normal haploid DNA content. The dry mass for each group is 7.3 X 10-0 mg. and 7.1 X 10-0 mg. respectively. 4. On the basis of the DNA, arginine and dry mass data, a protein content of 4.06 X 10-0 mg. containing 50% "arginine" can be computed for normal bull sperm nuclei.
Discussion
DR. MOSES:
What is the evidence that you may not be measuring actually 1\ difference in the Feulgen behavior between fertile and infertile sperm rather than differences in actual DNA content? There is a possible interference of the binding of Feulgen dye by blockage, say by protein or by something else. Or there might be a difference in the hydrolysis characteristics. In the infertile sperm some of the DNA may be actually lost or perhaps more of the DNA is lost in them than in the normal.
DR. LEUCHTENBERGER: Times of hydrolysis were tested for the fertile and the infertile cases, in both instances 12 minutes hydrolysis time gives the maximum Feulgen dye. In regard to the second question, I think it is not very probable that differences in protein content may be responsible for the differences in the DNA content. We know, for example, that diploid liver nuclei and diploid spleen nuclei which have considerably different amounts of protein give the same amount of DNA by Feulgen microspectrophotometry. Have you any suggestions how to test directly for this particular point? DR. Mosas: The time of hydrolysis curve might not reflect differences in the amount of DNA that could conceivably be lost during hydrolysis, but only the rate of loss. Secondly, it may not be necessarily the amount of protein that might interfere with the Feulgen reaction but rather the state of its physical relationship to the DNA. We do not yet have a good method of attack on this problem but one suggestion would be to measure basophilia of fertile and nonfertile sperm. If your difference is due to differential loss of DNA during hydrolysis, the basophilia would reflect this.
DR. LEUCHTENBERGER: No, we haven't done that. I do not think that staining with basophilic dyes is a very safe procedure for quantitative determination of DNA, especially since dye absorption may interfere with chemical staining. I believe that at the present time the Feulgen reaction is the best possible technique for DNA determinations.
DR. Mosas: When any techniques of sufficient reliability are available they should be matched one against the other.
DR. LESSLER: The dry mass data as presented are based entirely on calculations from the optical measurements coupled with the calculations. With a test object such as bull sperm, it might be possible to determine dry mass independently. Such studies would be most useful, because in the optical work we have to use a number of assumptions.
DR. LEUCHTENBERGER: I quite agree with you. It has been the tendency of our laboratory to correlate the findings by microspectrophotometry with results obtained by the biochemical analysis as we have done in the past together with the Vendrely's. We are just doing a comparative study for the dry mass determinations. ,. Nuclei, isolated in anhydrous glycerine directly from frozen-dried rat liver, exhibit dry masses approximately double those of nuclei isolated in citrio acid. The measurements were made with a Baker interference microscope utilizing the photoelectric technique described by Leuchtenberger and associates (Ohromosoma, 1956, in press ). The lyophilized tissue, powdered in a mortar and pestle after removal from the drying apparatus and placed immediately in glycerine, displays an extreme brittleness of the cytoplasm while the nucleus remains resilient. The nuclei have been easily separated from the cytoplasm by coverslip pressure on the glycerine-imbedded powder, or by the action of either a PotterElvehjem or electrical tissue homogenizer. When isolated in glycerine of the highest purity, the nuclei are remarkably homogeneous when viewed by phase contrast, resembling closely the appearance of living nuclei. The nucleoli are seen as small spheres of slightly different density, containing distinct granules which at times appear beaded. Discussion DR. BOKAY (New York): You used the media to measure necrotio nuclei, since the fluid might diffuse into the nuclei and alter their refractive index? DR. SWARTZ: The interference data were corrected for each mounting medium using Mellors's chi factors of 0.18 for water, 0.09 for glycerol. I measured citric acid isolated nuclei both in water, and in glycerol using the proper chi faotors and obtained the same values.
DR. MARSHAK: Did you examine the glycerol in which the nuclei had been isolated and determine whether you had extracted lipids or any other related produots? DR. SWARTZ: Not specifically. The glycerol in which the nuclei were isolated, however, showed no difference in optical path compared to a drop of pure glycerine mounted under a second coverslip on the same slide.
DR. BENNETT: Watson et al, have recently demonstrated by eleotron microscopy that apparently there are in certain cells definite continuities between the outer nuclear membrane and some of the cytoplasmic membranes which have been recognized in cells in recent years. Differences in isolation procedure might produce differences in the cytofracture or rupture of these connecting membranes. If we accept their reality, it is conceivable that some of the differences in mass just reported might be due to differences of amount of closely adherent cytoplasmic material pulled away with the nucleus. Such ?dherent cytoplasm might have escaped detection by the optical methods used. Thus, in Interpretating your data, we must try to determine how much adherent cytoplasmic material there might be in each of the two types which you prepared. DR. SWARTZ: I can really have no argument with that. If it should turn out that such cytoplasmic particles do adhere to the nucleus, the data may have to be reinterpreted. DR. FRAJOLA: You said that glycerol extraction produced more homogeneous nuclei yet in the last slide the range of values was from 40 to 85 with glycerol but with citric acid there was a much narrower range. You would expect the reverse to be true? DR. SWARTZ: No, I don't think so. The very fact that the homogeneous nuclei, in which the error of measurement must certainly be less, show a wider range than the heterogeneous ones, indicates· that the values obtained are real ones. If the reverse were true, it would be very difficult to place any interpretation on the results. DR. FITZGERALD: We have been using the Dyson interference microscope for the past year and we have been comparing it with Engstrom's x-ray absorption method. We used the Engstrom type x-ray tube and also the new Phillip's tube. Although in general there is a good correlation, there are some discrepancies between these methods that are going to take considerable further comparison. I hate to be a Cassandra but I would advise more thorough investigation of these methods before using, particularly by some independent technique that will give comparable data, such as soft x-ray tissue analysis by Engstrom's method. I don't think interference microscopes are quite yet in the stage where they can be used for mass production. I can speak only specifically of the Dyson, but I think the same may apply to all types. Practical experience with two types of commercially available interference microscopes, which have been in Use in this laboratory for over a year, are summarized with regard to optical equipment, techniques and nppllcations. A mercury arc with filters is the most oonvenient light source although a tungsten lamp and monochromator may be required when measurements must be made at speoial wavelengths. The precision of measurements of optical path differences can be greatly inoreased by use of a visual or photoeleotrio photometer or by densitometric analysis of photomierograpbs. Either living or fixed material can be studied. In the latter case, the fixing agent affeots not only morphology but also optical properties. By suitable choice of fixative or subsequent treatment with solvent or enzyme, certain substances can be selectively removed before measurements are made. The slides, cover glasses and mounting media must be more carefully selected than for routine microscopy. For highest accuracy, the specimen should be small, even less than 1 mm, in diameter, depending upon the instrument being used. In some instances identical values have not always been obtained for the same preparation with the two types of microscopes. The reason for this is not clear. Examples will be presented of the determination of total dry mass and certain fractions of it by interference miorosoopy in calls of various normal tissues and hepatomas and alterations in these values under physiological and pathological conditions. Refractive Index Matching in the UV Using Dark Field Photomicrography. GEORGE T. RUDKIN, AND SALLY L.l CORLETTE", Institute for Cancer Research and Lankenau Hospital Research Institute, Philadelphia, Pennsylvania. In the absence of precise estimates of non-specific light loss in microspectrophotometric measurements in the ultraviolet, methods for detecting and minimizing it must be used. The refractive index (n) boundaries responsible for the losses have been reduced in two ways, either by the use of a medium that penetrates the object to be measured and flattens the boundary gradient in n or by matching the n of the medium to that of the object. Glycerol tends to decrease the n gradients of fixed proteins (Oaspersson 1940) and its n can be increased by the addition of chloral hydrate or ZnCl! (Kohler 1904). Koenig, Schildkraut and Galler (1953) have used both solutions on biological preparations and inferred non-specific light loss from extinction measurements. We have employed the more direct method of dark field microscopy that has proven so useful in the visible region of the spectrum (see Ornstein 1952) . Dark field was obtained by using a high aperture (1.25) quartz phase contrast condenser with a low aperture quartz (Zeiss 6 mm., .35 NA) objective. Photomicrographs were taken at 280 mu of Rhynchosciara angelae salivary gland chromosomes fixed in 45% acetic acid and mounted in 5% saturated aqueous lanthanum acetate in 95% glycerine (nM8 -= 1.457). Brilliant dark field images were obtained. Very faint images were obtained when the mounting medium was changed to a solution of chloral hydrate in glycerine (n618 -= 1.491) indicating a strong reduction in scattered light. Replacement with the original mounting medium restored the scattering properties of the chromosomes. Photomicrographs of the same chromosomes taken without the phase plate (condenser stopped down to NA about 0.25) showed higher contrast (more "absorption") in the medium with the lower n. Evaluation of extinction measurements under both conditions is under way. This method should make it possible to minimize non-specific light loss at the very wave lengths~t which ultraviolet absorption measurements are to be DR. MERRIAM: There is appreciable absorption by zinc chloride and chloral hydrateglycerol solutions on the long wavelength side of the protein and nucleic region of the ultraviolet. Could the anomalous dispersion usually associated with such absorption peaks interfere with the calculation of refractive index by the dispersion formulae? DR. RUDKIN: It might very well; absolute values await direct measurement in the UV. The method can be used for comparisons without this knowledge .
• Glomerular Ultra-Violet Absorptions in Rats Treated with Desoxycorticosterone.
RALPH G. JANES" AND SHELDON C. SOMMERS. The kidneys from rats treated with desoxycorticosterone acetate (Percorten) were studied with the Polaroid color translating ultraviolet microscope. Two abnormalities in glomerular structure were observed and were especially evident when photomicrographs taken with ultraviolet wave lengths of 248, 240 and 235 ms were superimposed. The intercapillary stroma appeared dark brown, resembling the color observed in human and animal amyloidosis, compared to the normal light tan color. Furthermore, the glomerular endothelium and intravascular erythrocytes were coated with an abnormal substance, probably protein, which is similar 11.8 far as the color ·translated absorption pattern is concerned to fibrin. The material was not observed in allochrome stained histologic preparations. The possible relationship of abnormalities observed in the vascular system following desoxycorticosterone acetate therapy to the vascular change found in patients with toxemia of pregnancy is considered.
Di8cussion
DR. BLOODWORTII (Ohio State): Have you used this technic to study any of the nodular g!omerular lesions described by Kimmelstiel and Wilson in diabetic patients? How long did you treat your rats, guinea pigs and hamsters? Have you seen any of the large, irregular nodular eosinophilic masses which I produced in rabbits by the long-term administration of desoxycorticosterone acetate? DR. SOMMERS: Dr. Janes tells me that doea was given to his rats as Percortenl mg. a day, from 40 to 70 days. The hamsters were treated with cortisone for about 2-3 weeks. We have not studied nodular glomerulosclerosis in rats with ultra-violet or histochemically.
DR. MOSES: What was the rationale for selectinw; the lower wavelengths, and second, do yoU care to make any cytochemical interpretation of the results? DR. SOMMERS: It was thought of interest in relation to cytoplasmic protein and also possibly nuclear constituents to cover the wavelengths between 280m,. and 235, the shortest convenient wavelength that could be used to 235. Set 3 covers the part of that curve inYolYing the shortest wavelengths 248, 240 and 235 m,.. What is being observed is some abnormality in the amount, relationship or constitution of the glyco-or mucoprotein and the ordinary protein in stromal tissues, but this is not proved. The late Dr. Loofbourow llnd associates reported that rat tendon purified of ground substance showed the most striking changes in the ultra-violet absorption in this same wavelength range. The terminal bar-a structure framing the apical portion of the membrane of epithelial celIs-wll.8 investigated in the intestinal epithelium of the frog.
While it is generally held that the terminal bar is basophilic, systematio tests with toluidine blue failed to show detectable amounts of the substances usually responsible for basophilia (nucleic acids, acid mucopolysaccharides). Similarly. tests for carbohydrates were uniformly negative.
Several protein tests were carried out. The tetrazonium reaction of Danielli for tyrosine, tryptophane and histidine residues. the ninhydrin-Schiff reaction for a-amino aelda, and the Seligman reaction for disulfides stained the terminal bars more intensely than tho surrounding cytoplasm. The greatest contrast between terminal bars and neighbouring structures was obtained after successive treatment with tannic acid. phosphomolybdic aeid, and Amidoblack IO-B (p-nitranilinazo-l-amino-8-naphthol-3.6-disulphonic acid-azoanilin) , a dye which, due to its reactivity with -NH i groups, is used in paper electrophoresis Cor the detection and quantitative estimation of proteins. Dieeussio» DR. BENNETT: In interpreting these findings which Dr. Puehtler has presented, we might remind ourselves of the recent concepts of the submicroscopic struoture of the terminal bar which have developed from electron microscopy. Yamada studied the terminal bars of the gall bladder epithelium and Palay has found them in the intestinal epithelium (Anat, Ree.124: 343, 1956 ). These terminal bars resemble the deamosomes of stratified squamous epithelial cells or the intercellular borders between capillaries and the endothelial cells. All of these types of structures represent areas where there is a firm mechanical attachment between two cells. The remainder of the contiguous cell membranes in the columnar epithelium which Dr. Puchtler was studying, of course, have no firm attachment. The failure to demonstrate lipids in the terminal bars need not be surprising in the light of the electron microscope evidence, since the structure which one sees with the light microscope is mainly cytoplasmic material 'adjacent to the membrane, rather than a structure in the membrane itself. With the electron microscope Dr. Yamada and others have demonstrated a condensation of dense material immediately adjacent to the cell membrane but inside the cytoplasm, tailing off in density toward the cell interior. Between the two cell membranes in the terminal bar region one sees an area10Q-150Awide, less dense than the cell membrane itself, but nevertheless of some density, which represents the area in which the two cells are firmly attached together. We can presume bonding forces of unknown nature which hold them firmly together at this point. But this bonding material is not what one stains or sees with the light microscope. The material Dr. Puchtler has stained is cytoplasmic. 'Mouse liver, normal human rectal mucosa and human rectal polyps were subjected to fixatives producing a diversity of precipitation patterns of chromatin within the nuclei. To test whether this diversity leads to aberrant DNA values by Feulgen mieroapectrophotometry, DNA was estimated in nuclei of tissues fixed by Carnoy, freeze-drying, osmium tetroxide (Palade) and Lavdowsky. Also, citric acid isolated nuclei were included.
Carnoy produced a pronounced clumping and irregular distribution of absorbing substances. In contrast, freeze-dr,Ying and osmium tetroxide yielded a relatively homogeneous arrangement of absorbent material.
Data will be presented demonstrating that non-random distribution of absorbing chromophores in nuclei of the tissues examined is not reflected in DNA values obtained by Feulgen microspectrophotometry.
Discussion
Dr. FREED: We first measured individual Feulgen stained nuclei in squash preparations by the conventional "plug" method, and subsequently by Rudkin's (Exp. Cell Res., 9: 193, 1955 ) photographic scanning technic, modified for the visible spectrum. Since the scanning procedure is almost free of distributional error, comparison should yield an estimate of the distributional error in the "plug" measurements. With the homogeneous precipitation pattern produced by neutral formalin fixation, or by sucrose pretreatment, good agreement was obtained. However, when visibly inhomogeneous nuclei were measured, there was up to 30% decrease in density by the "plug" method. I suggest that the difference in our results from those of Dr. Doolin is due to the great flattening of the nuclei in our preparations, thus decreasing the chance for out-of-focus material to compensate for inhomogeneities.
DR. DOOLIN: We were rather surprised at the pictures that we got but experiments were conducted as we usually do Feulgen microspectrophotometry and these are the results. DR. MOSES: Actually there are 2 parameters involved here: One is the precipitation pattern and the other is the difference in fixatives. There are probably great chemical and physical differences in the mechanisms of the various methods that you used. 80 the fact that you get agreement within 20 or 30%, is a reflection not only of the inhomogeneity problem, but also reflection of the fact that the fixatives, despite their differences, are preserving material in such fashion that for your purposes you get good consistenoy. Did you find the same optimal hydrolysis time for each of the fixatives? This would be a refleetion of one of the parameters alone.
Dn. DOOLIN: When'the hydrolysis curves were run the optimum time was the same for each fixative employed. DR. KASTEN: If one compares the Feulgen absorption curves from nuclei of isolated mouse liver cells and sections of paraffin-imbedded liver tissue using the same fixative, Schiff's reagent, and optical measuring coriditions, definite and reproducible differences are found. The curves from parenchymal cells in paraffin sections are much broader, especially at the lower wavelengths, than curves from isolated cells. The absorption peak is at the same wavelength in both groups. Since nuclei in paraffin sections are much less homogeneous than nuclei in isolated preparations, these curve differences may result from differences in homogeneity. This possible explanation is in accord with theoretical considerations; nuclei showing poor homogeneity would be expected to show a broader absorption curve than homogeneous nuclei. DR. DOOLIN: Our measurements were done at 546mJl• cells of the ovary as a heterochromatic structure which does not appear to undergo Increase in size as rapidly as the other chromatin elements of these polyploid cells. The question raised is whether the difference in size represents a differential replication of these chromosome regions as compared with others in the nucleus. An approach to this problem was made by a study designed to assess the differences in total DNA content of nuclei in ovarian squash preparations from females with and without Y chromosomes, using cytophotometry of the Feulgen reaction. Wild type flies (XX) have been compared with females containing the complex chromosome Y'Xy l in addition to the normal X chromosome (XXY); while attached-X females (XX) were compared with those bearing in addition the normal Y chromosome (XXY).
In the follicular epithelium of the egg chamber, where metaphases show the diploid chromosome number, the DNA contents of the nuclei fall into two olasses, with the mean of the larger approximately double that of the smaller. When such distributions are compared for flies of the above genetic constitutions, it is found that the presence of the Y chromosome appears to cause an increase in the mean value found for a class, the difference being greater for the Y'Xy l chromosome than for the normal Y. The nurse cells exhibit a very wide range of DNA contents, the distribution curves showing~number of modes approximately representing a doubling in each successive class. The mean values for these classes appear to be shifted by the presence of the Y chromosome, in a manner similar to that occurring in the follicle cells. The magnitude of this shift again appears to be larger in the case of the complex chromosome as compared to the normal Y. The difference does not tend to diminish with increasing polyploidy, except in the largest class where measure. ments are being extended. Estimation by scanning methods of the contribution of all visible heterochromatic clumps to the total DNA content of the nurse cell nuclei indicates that the increase cannot be accounted for by these structures alone. The nature of the increase of DNA content in the nuclei with, additional Y chromosomes therefore represents a new problem in the control of nuclear DNA synthesis.
DR. MOSES:
What is the evidence that the observed difference is one of DNA and not one of Feulgen content? Which, incidentally, may perfectly well have a biological basis, which in itself is just as interesting as the difference in DNA.
DR. FREED: I do not have comparative hydrolysis curves for each genotype. However, the hydrolysis curves for these nuclei are broad, and it would seem that a rather large shift would be required to account for the effect observed. A separate series of measurements on formalin-fixed material, having a different optimum hydrolysis time, shows approximately the same size and direction of shift. We thus feel that the difference is a biological one, and differing DNA content the most likely mechanism. DR. MOSES: Do you have any independent evidence from either basophilia or ultraviolet absorption that would strengthen your argument? DR. FREED: This study has been confined to the use of the Feulgen reaction. DR. ORNSTEIN: Have you made measurements at a number of wavelengths? DR. FREED: These measurements were confined to use of the 546 m}ol mercury line, isolated by a filter. The measured extinctions fell between 0.12 and 0040, so that the equip' ment was adequate for this favorable situation.
• Over 100individual Feulgen-DNA absorption curves were obtained from various sectioned tissues from the mouse and other species. The typical absorption curve has a major peak, ,usually falling at 570-580ms, depending on the batch of basic fuchsin used to prepare the Schiff's reagent. A slight secondary shoulder is observed at 530-550ms, The major absorption peak is an extremely reliable point of measurement in all cases studied. The region around the secondary shoulder shows some variation in curve shape within a given tissue, between different tissues, and between species. Further study is needed to explore the significance of these variations. Differences in concentration of DNA are reflected in slight changes in curve shape from 500 to 560 ms, There are marked differences in curve shape between paraffin imbedded~l ssues and isolated cells; these deviations are not caused by concentration differences.
Discussion
DR. ORNSTEIN:
Probably the easiest explanation of the reduction in your maximum deviations, as you have reached the peak, is the problem of the purity of your light; that is, with a given slit width of the monochromator, the wavelength error (especially with respect to resetting the monochromator wavelength drum) will be minimum at the peak, and will be maximum on both sides.
With respect to your last 2 curves, since the asymmetry was one-sided, this cannot be explained on the basis of distributional error. Comparison of 2 wavelength measurements on 2 such populations of nuclei with different absorption spectra cannot be interpreted directly. The method requires that the absorption spectra be identical.
With respect to the occurrence of deviations in the Feulgen spectrum, we've had a recording microspectrophotometer now for a number of years and so we've had an opportunity to run quite a few curves. Between species, especially between plants and animals, there are reproducible and easily demonstrable differences. Dr. Swift has also shown that the absorption curve changes throughout the Feulgen hydrolysis and we have confirmed this. The peak shifts and the presence of the "hump" in the spectrum in the 530to 550m}ol interval changes its relative height with respect to the peale. DR. KASTEN: I agree with your explanation for the reduction in deviation at the absorption peak. As the peak is approached from either direction, the curve slope approaches a minimum. Errors in wavelength setting will therefore provide a minimal error in measurement at the peak. I do not agree with the suggestion that the purity of light is responsible for the apparent minimal deviation from Beer's law at the absorption peak. Two indet This study was aided in part by an Institutional Grant to Roswell Park Memorial Institute and The University of Buffalo administered through Health Research, Inc. from the American Cancer Society. pendent groups of curves were obtained with different monochromators. A grating monochromator having a constant bandwidth of 13.2 mp over the entire Feulgen absorption curve was used for Group 1 measurements: A Beckman DU quartz prism monochromator Was used for Group 2 measurements. The full bandwidth of light in the second group varied from 8-15 mp over the range from 500-620 mu. The results from both groups of curves are very similar and could not be explained as due to varying purity of light. In both groups, the results suggest that slight deviations from Beer's law occur as a function of wavelength. It is true that Swift mentioned (Int. Rev. Cytol. 2: 30,1953 ) that the shape of the Feulgen absorption curve changes with hydrolysis time. However, he stated that this change occurs after formalin fixation but not after chromic acid fixation. This point was recently confirmed (Kasten, F. H., Proc. Amer. Assn. Cancer Res. 2: 123, 1956; Kasten, F. H., Jour. Histochem. and Cytochem., 4: 462, 1956 k!he presence of glycogen in the outer cell layers of the regenerating epidermis of rodent 8 In has resulted in much speculation as to its significance. The common denominator in t~? several hypotheses put forth to explain the presence of glycogen in the regenerating 8 In epidermis, has been that the cells containing glycogen are relatively inactive. Thẽ bs.ence of glycogen in the basal layers is believed to indicate that these cells are metaohcally active and utilize the available glycogen precursors in ways other than converting them into glycogen. It is unproven, however, whether the cells containing glycogen have decreased oxidative ability, whereas those devoid of glycogen have an increased activity. An.answer to this question would be important because glycogen deposition might be due to Increased cell activity; for example, it might be the result of a Pasteur effect in which the Krebs cycle operates so fast that glycolysis is inhibited or even reversed, resulting in glYcogen synthesis.
Present histochemical observations reveal that cells of the outer layers of regenerating mouse epidermis which are glycogen-laden show little succinie dehydrogenase activity, Whereas the glycogen-free basal cells are rich in succinic dehydrogenase activity.
These observations support the hypothesis that glycogen in the epidermal cells of regenerating cpithelium is associated with a decreased oxidative metabolic activity .
• The Effects of Mereurials and Cysteine 011 Acid Pbosphatuse und Glucose-6-phosphatase. EDITH I-lImMAN AND HET,EN A. PADYKULA. Department of Anatomy, Harvard Medical School, Boston, Mass. Unfixed cryostat sections of rat and dog organs were used. Acid phosphatase was demonstratcd by Gomori's procedure (1952) , and glucose-6-phosphatase by Chiquoine's method (1953, 1955) . In the latter, sodium (instead of potassium) gluooso-6-phosphate in acetate buffer (instead of water) was substituted.
Acid phosphatase (pH 5.0) of the dog prostate was shown in vitro to be a sulfhydryl dependent enzyme, since marked activation was obtained with 2.5 X 10-1 M cysteine and complete inhibition was caused by 4 X 10-4 M salyrgan. Furthermore, the mercurial inhibition was readily reversed by cysteine treatment. Salyrgan inhibited acid phosphatase also in sections and homogenates of rat livers.
Glucose-6-phosphatase activity at pH 6.7 was similarly inhibited by a mercurial compound, p-chloromercuribenzoate 2.5 X 10-1 M, and activated by 2.5 X 10-1 M cysteine, in sections of kidney, liver, and duodenum of the rat. However, reversal of the mercurial inhibition with cysteine could be achieved only in the brush border of the duodenum.
Sections of duodenum incubated with sodium glycerophosphate at pH 6.7 also showed strong brush border activity at similar incubation times. This enzymatic activity was likewise sulfhydryl dependent, with fully reversible mercurial inhibition. Thus it is possible that at pH 6.7 acid phosphatase may interfere at this site or that the same enzyme may act on both glycerophosphate and glucose-6-phosphate. The possible participation of alkaline phosphatase is ruled out by the fact that its activity in the brush border of the duodenum is prevented by cysteine, but is not affected by a mercurial.
• A Histological and Histochemical Study of the Albuginea of Human Testis at Different Ages. R. E. MANCINI. Institute Nacional de Endocrinologfa, Godoy Cruz tSst, Buenos Aires, Argentina. A microscopic study was carried out on the connective tissue of the albuginea, using 88 biopsies from human testis during infancy, puberty, adulthood and seneseence.r It was observed that: (1) Histologically (applying hematein-eosin, trichromic Mallory stain and del Rio Hortega's silver impregnation, from birth to senility, the connective tissue of the albuginea progressively maturates from an embryonic type rich in juvenile fibroblasts, reticular fibers, amorphous substances and vessels, to an adult type characterized by adult fibroblasts and collagen fibers and bundles. This process is less intense in the deep layers of the albuginea, in which the embryonic connective tissue partially persists. (2) In puberty and consequently with the beginning of the development of the germinal epithelium and Leydig cells, the albuginea experiences a marked growth at the expense of both the deep and middle layers. The connective tissue is swollen and there is hyperplasia and hypertrophy of juvenile fibroblasts, fibers k'nd vessels. Later on, during pubertal maturation, the intensity of cellular and fibrillar proliferation decreases but persists in the lower part of the middle and the deep layers. (3) During adulthood, the albuginea continue to grow in the middle and deep layers, meanwhile in the superficial part it develops a process of hyalinosis. (4) In senescence the proliferation decreases in all layers and the hyalinization increases from the superficial areas to the middle layers.
Histochemically, it was observed that: (1) the cytoplasm of the juvenile fibroblasts of the albuginea were characterized by their positive metachromatic reaction (azure B, pH. 5, resistant to hyaluronidase and extractable with perchloric acid); also, a few granules of periodic acid Schiff (PAS) positive substance appeared (resistant to ptyalin digestion, hyaluronidase and methanol-chloroform extraction). Both substances disappeared in adult fibroblasts. The reactions for lipids: (Sudan IV and Sudan black B), cholesterol esters (Schultz technique), alkaline phosphatase (Kabat and Furth modification of Gomori's technique), and ascorbic acid (Deane and Morse method) were always negative. (2) The technique for mucopolyssccharidee (colloidal iron and metachromatic stain, both prevented by hyaluronidase digestion) were intensely positive in the interfibrillary substance of the embryonic connective tissue of the albuginea, and disappeared when fibrogenesis developed; PAS reaction was negative in this amorphous substance. (3) The reticular fibers of the embryonic type of connective tissue, reacted positively with PAS, while the collagen fibers and bundles of the adult albuginea stain weakly. In all cases the staining in both types of fibers was resistant to hyaluronidase and methanol-chloroform. Finally, no elastic fibers were Been in the albuginea (Weigert stain), except those corresponding to the vessels. A radioautographic study of the uptake of SU (sodium sulfate) in different doses (4, 10, 20,50,100,200 I'c) and periods of time (1-96 hours) has been carried out in tissue cultures of chick fibroblasts and in mesenchyme, cartilage and connective tissue of chick embryo and adult rats. The tissues were fixed in Bouin's fluid and formol-alcohol mixture. Radioautographic technique using the stripping-film method was applied to the histological sections. To investigate the nature of the substance responsible for the uptake of S85, other series of slides were incubated (during 6,12,24,48 hrs.) , with barium hydroxide, normal hydrochloric acid, testicular hyaluronidase (10,20,30, T.R.U';cc.), collagenase and elastase, and then the slides were submitted to the radioautographic technique. Another series of the same sections were treated during the same periods of time, only with the vehicle of the substance used, as a control. It was observed that: (1) In tissue culture in vitro, a moderate and progressive uptake of S85 in the cytoplasm of growing fibroblast proceeds from one hour to 48 hours. After three hours the radioisotope also appeared in the pericellular area and then increased in the intercellular spaces up to 48 hours. (2) Slight incorporation of S85 in the histiocytes of the mesenchyme of chick embryo at two hours, increasing up to 24 hours. After four hours the S85 also began to appear in the intercellular spaces and increased until 48 hours. In precartilaginous and preconnective tissue areas of the mesenchyme, the uptake in both locations was more rapid and intense. In already developed cartilage tissue, the accumulation was very intense, predominantly in the cells at one hour and appearing later in the matrix. (3) In adult rats, there was intense and progressive incorporation of the radioisotope from two to 24 hours in cartilage, mast cells, and less intensely in the interfibrillary substance of the aortic wall, adventitia of arterioles, cornea matrix, sclera, tendons, aponeuroses, cardiae valves, upper corium of the skin, loose and dense connective tissue of the gastrointestinal and respiratory tract and stroma of various organs. After that time until 96hours, no change in the accumulation of the radioisotope was observed; the uptake by the cells first and later in the intercellular spaces was clearly seen in the cartilage, but it was less evident in the connective tissue. (4) Incubation of the slides with Ba(OHh (24hours), HCl (6 hours) and hyaluronidase (12hours, 20 T.R.U';cc.) removed the S85 of the embryonic mesenchyme and cartilage; similar effects were obtained in the cartilage, mast cells and connective tissue of rats with barium hydroxide but not with hyaluronidase or hydrochloric acid. Collagenase or elastase had no effect on S85 of the cartilage, mesenchyme and connective tissue. (5) Only barium hydroxide removed the radioisotope incorporated in the mucous glands, while the S85 accumulated in lesser amounts in the kidney tubules, liver cells or other organs, was slightly affected by the incubation with the different substances used. (6) Finally, the slides treated with the vehicles of those substances showed no changes in the radioautograpbs. The increasing prominence of nucleoli (enlargement, multiplicity, and bizarre morphology) in malignant human ovarian tumors (grades I through III) is a striking indication of a relationship, however subtle, between nucleolar variation and the degree of malignancy. The true quantitative relationships and functions are still unknown, despite frequent appearance of apparent enhanced activity because of greater nucleolar size or quantity.
Cytochemical characterizations were performed on whole, isolated cells (separated mechanically or enzymatically) in order to evaluate the entire nucleolar complement of any one cell. As an overall morphological feature nucleoli exhibit intranucleolar vacuoles and areas of varying degrees of density, demonstrable by phase contrast or supravital dyes (Oalcodur pink, C.l. 353).
Phospholipids resistant to all but prolonged pyridine extraction occur in significant amounts. No free lipid occurs, however, nor any that can be unmasked by pretreatment with ammonium chloride or citric or oxalic acids. A considerable amount of nucleoprotein
